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HETEROARYLCARBOXYLIC ACID ESTER
DERIVATIVE

CROSS REFERENCES TO RELATED
APPLICATIONS

This application is a continuation of International Patent
Application No. PCT/JP2013/067015, filed on Jun. 14,2013,
and a continuation of U.S. patent application Ser. No. 13/517,
805, filed on Jun. 14, 2012. Both of the above applications are
incorporated herein by reference in their entireties.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to novel compounds, het-
eroarylcarboxylic acid ester derivatives, which exhibit a
serine protease (particularly trypsin and enteropeptidase)
inhibitory activity. The present invention also relates to phar-
maceutical compositions which contain such a compound
and drugs for the treatment or prophylaxis of diabetes. The
present invention further relates to methods for the treatment
and/or prophylaxis of diabetes by administering such a het-
eroarylcarboxylic acid ester derivative.

2. Discussion of the Background

At present, insulin secretagogues (sulfonylureas), glucose
absorption inhibitors (a-glucosidase inhibitors), insulin sen-
sitizers (biguanide, thiazolidine derivatives), and the like are
clinically used as therapeutic drugs for diabetes. However,
since all of them are accompanied by side effects such as
hypoglycemia, diarrhea, lactic acidosis, edema, and the like;
show an insufficient effect; and the like, a medicament satis-
fying clinical needs is still needed.

In recent years, a benzoic acid ester having a protease
inhibitory activity, which is represented by the following
compound, has been reported to show a blood glucose eleva-
tion suppressing action in a diabetes animal model (see
WO2006/057152, which is incorporated herein by reference
in its entirety). The following compound is considered to
show an enzyme inhibitory activity on trypsin, thrombin,
pancreatic, and plasma kallikreins, plasmin and the like and a
leukotriene receptor antagonistic action. Moreover, an
enteropeptidase inhibitory activity of the following com-
pound has also been reported (see Biomedical Research
(2001), 22 (5) 257-260, which is incorporated herein by ref-
erence in its entirety). However, many unclear points remain
in the relationship between such actions and a blood glucose
elevation suppressing action.

0
AN N7 NcoEt
OYQ/\H\ H
HZN\’(©/ 0
NH

On the other hand, as for a heteroarylcarboxylic acid ester
structures, JP-A-55-161385, which is incorporated herein by
reference in its entirety, discloses a compound as a therapeu-
tic drug for pancreatitis. In this document, only heteroaryl-
carboxylic acid ester compounds wherein the substituent of
the heteroarylcarboxylic acid moiety is a methyl group or a
methoxy group or unsubstituted compounds are disclosed, as
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represented by the following formula. While these com-
pounds are disclosed as showing an inhibitory activity on
trypsin, chymotrypsin and thrombin, no description is given
as to the enteropeptidase inhibitory activity and blood glucose
elevation suppressing action.

H,N 0
NH

In addition, Advances in Experimental Medicine and Biol-
ogy (1989), 247B (Kinins 5, Pt. B), 271-6, which is incorpo-
rated herein by reference in its entirety, also describes a het-
eroarylcarboxylic acid ester having a protease inhibitory
activity, which is represented by the following formula. How-
ever, only compounds wherein the heteroaryl moiety is
unsubstituted are disclosed, and no description is given as to
the enteropeptidase inhibitory activity and blood glucose
elevation suppressing action of these compounds.

TN

o) Sy
LN 0
NH

Furthermore, W099/41231, which is incorporated herein
by reference in its entirety, describes a compound represented
by the following formula. However, it has a structure wherein
an aryl group substituted by a carboxyl group is directly
bonded to the heteroaryl moiety, which is completely differ-
ent from the compound of the present invention. The docu-
ment discloses an inhibitory activity against blood coagula-
tion factor VIla; however, no description is given as to the
enteropeptidase inhibitory activity and blood glucose eleva-
tion suppressing action.

OMe
N
0 A
HzN\’(@/ o} CO,H
NH OH
0 N/><
H

On the other hand, trypsin is one of the intestinal serine
proteases and is produced by degradation of inactive trypsi-
nogen by enteropeptidase. Trypsin is known to activate vari-

"\
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ous digestive enzymes by acting on chymotrypsinogen,
proelastase, procarboxylesterase, procolipase and pro-su-
crase-isomaltase, and the like. Therefore, it is considered that
an inhibitor of enteropeptidase and trypsin lowers the diges-
tive capacity for protein, lipid, and carbohydrates, and is
effective as a drug for the treatment or prophylaxis of obesity
and hyperlipidemia.

W02006/050999, which is incorporated herein by refer-
ence in its entirety, describes that a medicament that inhibits
both enteropeptidase and trypsin is interesting as a body
fat-reducing agent. In addition, WO2009/071601, which is
incorporated herein by reference in its entirety reports a com-
pound which has an inhibitory activity against enteropepti-
dase, trypsin, plasmin, kallikrein, and the like as an antiobe-
sity drug. However, neither of these publications describes
suppression of blood glucose elevation and hypoglycemic
effect afforded by simultaneous inhibition of enteropeptidase
and trypsin, and the protease inhibitor described therein has a
structure completely different from that of the compound of
the present invention.

Accordingly, there remains a need for compounds which
are useful for the treatment or prophylaxis of diabetes. There-
fore, to further satisfy the clinical needs from the aspects of
effect, safety and the like, a hyperglycemic inhibitor having a
serine protease inhibitory action, which is a new drug for the
treatment or prophylaxis of diabetes, is desired.

SUMMARY OF THE INVENTION

Accordingly, it is one object of the present invention to
provide novel compounds which are useful for the treatment
or prophylaxis of diabetes.

Itis another object of the present invention to provide novel
compounds which exhibit a serine protease inhibitory action.

Itis another object of the present invention to provide novel
serine protease (particularly trypsin and enteropeptidase)
inhibitors.

Itis another object of the present invention to provide novel
intestinal serine protease (particularly trypsin and enteropep-
tidase) inhibitors.

Itis another object of the present invention to provide novel
hyperglycemic inhibitors or hypoglycemic agents, and fur-
ther, drugs for the treatment and/or prophylaxis of any of
diabetes, obesity, hyperlipidemia, diabetic complication, and
metabolic syndrome.

Itis another object of the present invention to provide novel
methods for the treatment and/or prophylaxis of any of dia-
betes, obesity, hyperlipidemia, diabetic complication, and
metabolic syndrome.

Itis another object of the present invention to provide novel
methods for improving sensitivity to insulin.

These and other objects, which will become apparent dur-
ing the following detailed description, have been achieved by
the inventors’ discovery that the heteroarylcarboxylic acid
ester derivatives described below have serine protease inhibi-
tory activity and are useful for the treatment and/or prophy-
laxis of any of diabetes, obesity, hyperlipidemia, diabetic
complication, and metabolic syndrome.

Thus, in view of the above-mentioned current situation, the
present inventors have conducted intensive studies and con-
sidered that simultaneous inhibition of trypsin and enteropep-
tidase is particularly effective for the suppression of blood
glucose elevation. They have synthesized various heteroaryl-
carboxylic acid ester derivatives, which are novel com-
pounds, evaluated trypsin and enteropeptidase inhibitory
activity, and found that certain heteroarylcarboxylic acid
ester derivatives are protease inhibitors that simultaneously
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inhibit them. Furthermore, they have also found that such
representative compounds show a blood glucose elevation
suppressing effect in a diabetes animal model.

Accordingly, the present invention provides a compound
represented by the formula (I):

@

Rl R2

R7

LN NH

wherein:

R! and R? are the same or different and each is indepen-
dently a C,_, alkyl group or a C,_, alkenyl group, or R' and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;

X is —OR>?, —NR*R’ or a group represented by the for-
mula (II):

oy
Yb

——NR®—¢CRaRb Ya

P

wherein:

R? is a hydrogen atom or a C,_, alkyl group;

R* R® and R® are the same or different and each is inde-
pendently a hydrogen atom, a C, 4 alkyl group, a carboxyl
C,_galkyl group ora C,_g alkenyl group, or R* and R® together
with the nitrogen atom to which they are bonded forma C,
heterocycle, whereinsaid C, 4 alkyl group, said carboxyl C, 4
alkyl group, said C;_g alkenyl group and said C, _, heterocycle
may be substituted with one or more substituents;

Ra and Rb are the same or different and each is indepen-
dently a hydrogen atom, a C, 4 alkyl group, a carboxyl C,
alkyl group, a carboxyl group, an aryl group, a C;_ hetero-
cyclic group containing 1 to 4 heteroatoms selected from the
group of O, N and S, or a C; 4 cycloalkyl group, or Raand Rb
together with the atom(s) to which they are bonded form a
C, 5 cycloalkane ring, or a C, , heterocycle containing 1-4
heteroatoms selected from the group of O, N and S, wherein
said C, g alkyl group, said carboxyl C, ¢ alkyl group, said aryl
group, said C, ¢ heterocyclic group, said C; 4 cycloalkyl
group, said C;_g cycloalkane ring and said C;_g heterocycle
may be substituted with one or more substituents;

Ring A is an arene, a C;_¢ heterocycle containing 1-4 het-
eroatoms selected from the group of O, N and S, a C; 4
cycloalkane ring ora C; g cycloalkene ring, wherein said C;
heterocycle, said C, ¢ cycloalkane ring and said C;g
cycloalkene ring may be further substituted with an oxo
group, in addition to Ya and Yb;

Ya is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a C,_; alkoxy-carbonyl group, a carboxyl
C,_; alkyl group or a sulfo group;
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Yb is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a C,_; alkoxy-carbonyl group, a carboxyl
C, 5 alkyl group, a nitro group, a cyano group or a C, 5
alkoxyl group;

pis0,1,2,3 or4; 5

qisOor1;and

R” is a hydrogen atom, a halogen atom or a nitro group;

with the proviso that when R' and R? are both methyl
groups, then X is not a group represented by the formula:

Co,H

*\/((S)

N CO,H, 15
"

or a pharmaceutically acceptable salt thereof.
Further, the present invention provides a compound repre-

sented by the formula (I): 2

@

O (@]
25
S
O \ / X
R7 Rl R2
30
H,N NH
35
wherein:

R' and R? are the same or different and each is indepen-
dently a C,_, alkyl group or a C,_, alkenyl group, or R* and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;

X is —OR?, —NR*R® or a group represented by the for-
mula (II):

40

(I 45
Yb

—— NR®—¢CRaRb Ya

P

7 50

wherein:

R? is a hydrogen atom or a C,_, alkyl group;

R*, R? and R are the same or different and each is inde-
pendently a hydrogen atom, a C, 4 alkyl group, a carboxyl
C, g alkyl group ora C,_, alkenyl group, or R* and R® together
with the nitrogen atom to which they are bonded forma C,
heterocycle, wherein said C,_g alkyl group, said C,_g alkenyl
group and said C;_, heterocycle may be substituted with one
or more substituents;

Ra and Rb are the same or different and each is indepen-
dently a hydrogen atom, a C,  alkyl group, a carboxyl C,
alkyl group, a carboxyl group, an aryl group, a C,_ hetero-
cyclic group containing 1 to 4 heteroatoms selected from the
group of O, N and S, or a C;_¢ cycloalkyl group, or Raand Rb
together with the atom(s) to which they are bonded form a
C,_5 cycloalkane ring or a C;_, heterocycle containing 1-4
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heteroatoms selected from the group of O, N and S, wherein
said C, g alkyl group, said aryl group, said C; 4 cycloalkyl
group, said C;_g cycloalkane ring and said C;_g heterocycle
may be substituted with one or more substituents;

Ring A is an arene, a C;_4 heterocycle containing 1-4 het-
eroatoms selected from the group of O, N and S, or a C; 4
cycloalkane ring;

Ya is a hydrogen atom, a halogen atom, a carboxyl group,

o @ hydroxyl group, a carbonyl group, a carboxyl C, 5 alkyl

group or a sulfo group;

Yb is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a carbonyl group, a carboxyl C, ; alkyl
group, a nitro group, a cyano group or a C,_; alkoxyl group;

pis0,1,2,3 or4;

qisOor1;and

R7 is a hydrogen atom, a halogen atom or a nitro group;

with the proviso that when R' and R? are both methyl
groups, then neither of R* nor R” is an ethyl group substituted
with two carboxyl groups, and when R' and R? are both
methyl groups, then the group represented by the formula (II)
is not a group represented by the formula:

CO,H

*\/((S)

N CO,H,
H

or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—NR*R® or the group represented by the formula (II),
wherein R*, R’ and R® are each independently a hydrogen
atom or a C, _ alkyl group, or a pharmaceutically acceptable
salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—NR*R®, wherein R* and R* together with the nitrogen atom
to which they are bonded form a C,_g heterocycle substituted
by a halogen atom, a carboxyl group, a carboxyl C,_; alkyl
group or a hydroxyl group, or a pharmaceutically acceptable
salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is a m
group represented by the formula (II), wherein p=1 or 2, and
q=0, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is a
group represented by the formula (II), wherein p=0 and q=1,
is or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is a
group represented by the formula (II), wherein p=1, g=1, and
Raand Rb are the same or different and each is independently
ahydrogen atom or a C, 4 alkyl group, or Ra and Rb together
with the atom(s) to which they are bonded form a C; 4
cycloalkane ring, wherein said C, ¢ alkyl group and said C;
cycloalkane ring may substituted with a group selected from
a carboxyl group, a carbamoyl group, a hydroxyl group, a
phenyl group and a C;_ cycloalkyl group, or a pharmaceuti-
cally acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein R' and R>
are the same or different and each is independently a methyl
group, an ethyl group or a propyl group, or R' and R? together
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with the carbon atom to which they are bonded form a
cyclobutane ring or a cyclopentane ring, or a pharmaceuti-
cally acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein R and R*
are the same or different and each is independently a methyl
group, an ethyl group or a propyl group, or R' and R? together
with the carbon atom to which they are bonded form a
cyclobutane ring or a cyclopentane ring, and X is —OH, or a
pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is the
group represented by the formula (IT), wherein q=1, and Ring
A is a benzene ring, a pyridine ring, a 1,2-dihydropyridine
ring, or a C; 4 heterocycle containing 1-4 oxygen atoms,
wherein said 1,2-dihydropyridine ring and said C;_¢ hetero-
cycle containing 1-4 oxygen atoms may be further substituted
with an oxo group, in addition to Ya and Yb, or a pharmaceu-
tically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is a
group represented by the formula (II), wherein g=1, Ya is a
halogen atom, a carboxyl group, a carboxyl C, ; alkyl group,
a hydroxyl group, a sulfo group or a C,_; alkoxy-carbonyl
group, and Yb is a hydrogen atom, a halogen atom, a carboxyl
group or a hydroxyl group, or a pharmaceutically acceptable
salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—NR*R®, wherein when R* or R® has substituent(s), said
substituent is selected from a halogen atom, a carboxyl group,
a hydroxyl group, a carboxyl alkyl group, a C;_ ¢ alkenyl
group, a carbamoyl group, a phenyl group, an amino group, a
sulfo group, a cyano group, a C,_g cycloalkyl group, and a
C, s heterocyclic group containing 1 to 4 heteroatoms
selected from the group consisting of O, N and S, or a phar-
maceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is a
group represented by the formula (II), wherein, when Ra or
Rb has substituent(s), said substituent is selected from a car-
boxyl group, a hydroxyl group, a phenyl group, an amino
group, a methylthio group, a sulfanyl group, a carbamoyl
group, a guanidino group, a C;_g cycloalkyl group,anda C,
heterocyclic group containing 1-4 heteroatoms selected from
the group consisting of O, N and S, or a pharmaceutically
acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein

R*is

(1) a carboxyl C, g alkyl group optionally substituted by 1
to 3 substituents selected from (a) a hydroxyl group, (b) an
aryl group, (c) a C;_g cycloalkyl group, (d) a carbamoyl group,
(e) an amino group, (f) an aryl group optionally substituted by
ahydroxyl group, (g) a C,_; alkylcarbamoyl group optionally
substituted by a carboxyl group, and (h) a heterocyclic group,
or

(2) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) a sulfo group, (b) a cyano
group, (¢) a C,_¢ heterocyclic group, and (d) an aryl group
optionally substituted by a carboxyl group, and

R? is a hydrogen atom, a C, 5 alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, ora C;_ alkenyl group; or

R*and R® together with the nitrogen atom to which they are
bonded form a C,_, heterocycle substituted by 1 to 3 substitu-
ents selected from (1) a halogen atom, (2) a hydroxyl group,
(3) a carboxyl group, and (4) a carboxyl C, 5 alkyl group;
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R®is a hydrogen atom, a C,_, alkyl group optionally sub-
stituted by a C; 4 cycloalkyl group, or a C,_ alkenyl group;
and

Ra and Rb are the same or different and each is indepen-
dently

(1) a hydrogen atom,

(2) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) an aryl group, (b) a hydroxyl
group, (c) a carbamoyl group, and (d) a C, 4 heterocyclic
group containing 1 to 4 heteroatoms selected from O, N and
SS

(3) acarboxyl C,  alkyl group,

(4) an aryl group optionally substituted by a hydroxyl
group,

(5) aC,_gheterocyclic group containing 1 to 4 heteroatoms
selected from the group of O, N and S, or

(6) a C,_g cycloalkyl group, or

Ra and Rb together with the atom(s) to which they are
bonded form a C;_g cycloalkane ring, or a C;_g heterocycle
containing 1-4 heteroatoms selected from the group of O, N
and S, each of which is optionally substituted by an oxo
group, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—OR?, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—OH, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein X is
—OH, —NR“R? or a group represented by the formula (II),
and each of —NR*R® and the group represented by the for-
mula (II) has one carboxyl group, or a pharmaceutically
acceptable salt thereof.

Further, the present invention provides a compound repre-
sented by the formula (I), wherein:

R! and R? are the same or different and each is indepen-
dentlya C,_, alkyl group or a C,_, alkenyl group, or R' and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;

X is —OR? or —NR®R?; wherein

R? is a hydrogen atom or a C, _, alkyl group;

R® is an optionally substituted C,_ alkyl group, an option-
ally substituted aryl group, an optionally substituted C;
heterocyclic group, an optionally substituted C;_g cycloalkyl
group, or an optionally substituted C, ¢ cycloalkenyl group,
and

R? is a hydrogen atom, an optionally substituted C,_ alkyl
group or an optionally substituted C; 4 alkenyl group; or

R® and R? together with the nitrogen atom to which they are
bonded form an optionally substituted C,_g heterocycle; and

R7 is a hydrogen atom, a halogen atom or a nitro group;

with the proviso that when R' and R? are both methyl
groups, then X is not a group represented by the formula:

CO,H
~ /(@

N CO,H,
H

or a pharmaceutically acceptable salt thereof.



US 9,227,949 B2

9

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein

R®is

(1) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) a carboxyl group, (b) a
hydroxyl group, (¢) an aryl group optionally substituted by a
carboxyl group or a hydroxyl group, (d) a sulfo group, (e¢) a
C,_; cycloalkyl group, (f) a carbamoyl group, (g) an amino
group, (h) a cyano group, (i) a C, ¢ heterocyclic group, and (j)
a C,_; alkylcarbamoyl group optionally substituted by a car-
boxyl group,

(2) an aryl group optionally substituted by 1 to 3 substitu-
ents selected from (a) a carboxyl group, (b) a hydroxyl group,
(c) a C,_; alkyl group optionally substituted by a carboxyl
group, (d) a C, 5 alkoxy-carbonyl group, and (e) a sulfo
group,

(3) a C;_ heterocyclic group optionally substituted by 1 to
3 substituents selected from (a) an oxo group, (b) a C, 5
alkoxyl group, and (c) a halogen atom,

(4) a C,_4 cycloalkyl group optionally substituted by a
carboxyl group, or

(5) a C; ¢ cycloalkenyl group optionally substituted by a
carboxyl group, and

R? is a hydrogen atom, a C, _ alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, or a C;_¢ alkenyl group; or

R® and R? together with the nitrogen atom to which they are
bonded form a C, g heterocycle optionally substituted by 1 to
3 substituents selected from (1) a carboxyl group, (2) a C, 5
alkyl group optionally substituted by a carboxyl group, (3) a
halogen atom, and (4) a hydroxyl group, or a pharmaceuti-
cally acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein

X is —OH or —NR¥®*R®', wherein

R® is a substituted C, ; alkyl group, a substituted aryl
group, a substituted C;_s heterocyclic group, a substituted
C,_¢ cycloalkyl group, or a substituted C; g cycloalkenyl
group, each of which has one carboxyl group, and

R”'is a hydrogen atom, an optionally substituted C,_, alkyl
group which has no carboxyl group, or an optionally substi-
tuted C;_4 alkenyl group which has no carboxyl group; or

R® and R together with the nitrogen atom to which they
are bonded form a substituted C,_g heterocycle which has one
carboxyl group, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein

R¥ is

(1) a C, 4 alkyl group substituted by 1 to 3 substituents
selected from (a) a carboxyl group, (b) a hydroxyl group, (c)
an aryl group optionally substituted by a carboxyl group or a
hydroxyl group, (d) a sulfo group, (e) a C;_g cycloalkyl group,
(1) a carbamoyl group, (g) an amino group, (h) a cyano group,
(1) a C,_g heterocyclic group, and (j) a C, _; alkylcarbamoyl
group optionally substituted by a carboxyl group, provided
that said substituted C, g alkyl group has one carboxyl group,

(2) an aryl group substituted by 1 to 3 substituents selected
from (a) a carboxyl group, (b) a hydroxyl group, (¢)a C, 5
alkyl group optionally substituted by a carboxyl group, (d) a
C, 5 alkoxy-carbonyl group, and (e) a sulfo group, provided
that said substituted aryl group has one carboxyl group,

(3) a C;_4 cycloalkyl group substituted by one carboxyl
group, or

(4) a C,_g cycloalkenyl group substituted by one carboxyl
group, and

R” is a hydrogen atom, a C, _ alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, or a C;_¢ alkenyl group; or
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R® and R” together with the nitrogen atom to which they is
are bonded form a C, , heterocycle substituted by 1 to 3
substituents selected from (1) a carboxyl group, (2) a C, 5
alkyl group optionally substituted by a carboxyl group, (3) a
halogen atom, and (4) a hydroxyl group, provided that said
substituted C,_, heterocycle formed by R® and R® has one
carboxyl group, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein R' and R?
are the same or different and each is independently a C, 5
alkyl group, or a pharmaceutically acceptable salt thereof.

The present invention also provides a compound repre-
sented by the aforementioned formula (I), wherein R is a
halogen atom, or a pharmaceutically acceptable salt thereof.

Further, the present invention provides a compound repre-
sented by any of the following formulae:

CO,H
O O
S
0 N CO,H
\_/ i
|
HN NH,
O O
s P
o) N CO,H
\_/ i
|
HN NH,
OH
O O
S
o) N CO,H
\_/ i
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O O
S PN
N CO,H

e

NH,
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or a pharmaceutically acceptable salt of said compound.
Further, the present invention provides a compound repre-

sented by any of the following formulae:
(€] (6]
S
O \ / OH and
F
HN NH,
(€] (€]
S
0 \ / OH,
F
HN NH,

or a pharmaceutically acceptable salt of said compound.

Further, the present invention provides a pharmaceutical
composition, comprising the above-mentioned compound or
a pharmaceutically acceptable salt thereof, and at least one
pharmaceutically acceptable carrier or excipient.

Further, the present invention provides a pharmaceutical
composition comprising the above-mentioned compound, or
a pharmaceutically acceptable salt thereof as an active ingre-
dient.

The present invention also provides a method of inhibiting
serine protease, comprising administering an effective
amount of the above-mentioned compound or a pharmaceu-
tically acceptable salt thereof to a subject in need thereof.

The present invention also provides a method of inhibiting
intestinal serine protease, comprising administering an effec-
tive amount of the above-mentioned compound or a pharma-
ceutically acceptable salt thereof to a subject in need thereof.

The present invention also provides a method for inhibiting
trypsin and enteropeptidase, comprising administering an
effective amount of the above-mentioned compound or a
pharmaceutically acceptable salt thereof to a subject in need
thereof.

The present invention also provides a method for treating
hyperglycemia, comprising administering an effective
amount of the above-mentioned compound or a pharmaceu-
tically acceptable salt thereof to a subject in need thereof.

The present invention also provides a method for prophy-
laxis or treatment of diabetes, comprising administering an
effective amount of the above-mentioned compound or a
pharmaceutically acceptable salt thereof to a subject in need
thereof.
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The present invention also provides a method for improv-
ing sensitivity to insulin, comprising administering an effec-
tive amount of the above-mentioned compound or a pharma-
ceutically acceptable salt thereof to a subject in need thereof.

The present invention also provides a method for prophy-
laxis or treatment of obesity, hyperlipidemia, a diabetic com-
plication or metabolic syndrome, comprising administering
an effective amount of the above-mentioned compound or a
pharmaceutically acceptable salt thereof to a subject in need
thereof.

The present invention also provides an intestinal serine
protease inhibitor, comprising the above-mentioned com-
pound, or a pharmaceutically acceptable salt thereof as an
active ingredient.

The present invention also provides a dual inhibitor of
trypsin and enteropeptidase, comprising the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof as an active ingredient.

The present invention also provides a hyperglycemic
inhibitor or hypoglycemic agent, comprising the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof as an active ingredient.

The present invention also provides a prophylactic or
therapeutic drug for diabetes, comprising the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof as an active ingredient.

The present invention also provides an insulin sensitizer
comprising the above-mentioned compound, or a pharmaceu-
tically acceptable salt thereof as an active ingredient.

The present invention also provides a prophylactic or
therapeutic drug for obesity, hyperlipidemia, diabetic com-
plication or metabolic syndrome, comprising the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof as an active ingredient.

The present invention also provides use of the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof for the prophylaxis or treatment of diabetes.

The present invention also provides use of the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof for the improvement of insulin resistance.

The present invention also provides use of the above-men-
tioned compound, or a pharmaceutically acceptable salt
thereof for the prophylaxis or treatment of obesity, hyperlipi-
demia, diabetic complication or metabolic syndrome.

The present invention also provides a method for treating
hyperglycemia or diabetes, comprising administering an
effective amount of a compound represented by formula (I):

@

(@) \ / X
Rl R2

R7

LN NH

wherein:

R! and R? are the same or different and each is indepen-
dently aC,_, alkyl group ora C,_, alkenyl group, or R! and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;
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X is —OR?, —NR*R?® or a group represented by formula
(ID):

oy
Yb

—— NR®—¢CRaRb Ya

P

wherein:

R? is a hydrogen atom or a C,_, alkyl group;

R* R® and RS are the same or different and each is inde-
pendently a hydrogen atom, a C, 4 alkyl group, a carboxyl
C, s alkyl group ora C,_, alkenyl group, or R* and R® together
with the nitrogen atom to which they are bonded forma C,
heterocycle, wherein said C, 4 alkyl group, said C;_g alkenyl
group and said C;_, heterocycle may be substituted with one
or more substituents;

Ra and Rb are the same or different and each is indepen-
dently a hydrogen atom, a C,  alkyl group, a carboxyl C,
alkyl group, a carboxyl group, an aryl group, a C;_ hetero-
cyclic group containing 1 to 4 heteroatoms selected from the
group consisting of O, N and S, or a C;_ cycloalkyl group, or
Ra and Rb together with the atom(s) to which they are bonded
form a C, 4 cycloalkane ring or a C; g heterocycle containing
1-4 heteroatoms selected from the group consisting of O, N
and S, wherein said C, 4 alkyl group, said aryl group, said
C,_ cycloalkyl group, said C; ¢ cycloalkane ring and said
C,_, heterocycle may be substituted with one or more sub-
stituents;

Ring A is an arene, a C;_¢ heterocycle containing 1-4 het-
eroatoms selected from the group consisting of O, N and S, or
a C, 4 cycloalkane ring;

Ya is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a carbonyl group, a carboxyl C, ; alkyl
group or a sulfo group;

Yb is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a carbonyl group, a carboxyl C, ; alkyl
group, a nitro group, a cyano group or a C,_, alkoxyl group;

pis0,1,2,3 or4;

qisOor1;and

R is a hydrogen atom, a halogen atom or a nitro group;

with the proviso that when R* and R? are both methyl
groups, then neither of R* nor R? is an ethyl group substituted
with two carboxyl groups, and when R' and R* are both
methyl groups, then the group represented by formula (II) is
not a group represented by formula:

CO,H

*\/((S)

N CO,H,
H

or a pharmaceutically acceptable salt thereof,

to a subject in need thereof.

The present invention also provides the above-mentioned
method, wherein X is —NR*R> or a group represented by
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formula (IT), wherein R*, R® and R® are each independently a
hydrogen atom or a C, g alkyl group.

The present invention also provides the above-mentioned
method, wherein X is —NR*R>, wherein R* and R® together
with the nitrogen atom to which they are bonded forma C;
heterocycle substituted by a hydrogen atom, a halogen atom,
a carboxyl group, a carboxyl C, ; alkyl group or a hydroxyl
group.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein p=1 or 2, and q=0.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein p=0 and g=1.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein p=1, q=1, and Ra and Rb are the same or different
and each is independently a hydrogen atom or a C, 4 alkyl
group, or Ra and Rb together with the atom(s) to which they
are bonded form a C; 4 cycloalkane ring, wherein said C,
alkyl group and said C,_g cycloalkane ring may substituted
with a group selected from the group consisting of a hydrogen
atom, a carboxyl group, a carbamoyl group, a hydroxyl group,
a phenyl group and a C; 4 cycloalkyl group.

The present invention also provides the above-mentioned
method, wherein R* and R? are the same or different and each
is independently a methyl group, an ethyl group or a propyl
group, or R* and R? together with the carbon atom to which
they are bonded form a cyclobutane ring or a cyclopentane
ring.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein g=1, and Ring A is a benzene ring, a pyridine ring, or
a C,_¢ heterocycle containing 1-4 oxygen atoms.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein gq=1, Ya is a halogen atom, a carboxyl group, a
carboxyl C, _; alkyl group, a hydroxyl group, a sulfo group or
acarbonyl group, andYb is a hydrogen atom, a halogen atom,
a carboxyl group or a hydroxyl group.

The present invention also provides the above-mentioned
method, wherein X is —NR*R’, wherein when R* or R® has
substituent(s), said substituent is selected from the group
consisting of a halogen atom, a carboxyl group, a hydroxyl
group, a carboxyl C, ; alkyl group, a C, , alkenyl group, a
carbamoyl group, a phenyl group, an amino group, a sulfo
group, a cyano group, a C;_g cycloalkyl group, and a C, 4
heterocyclic group containing 1 to 4 heteroatoms selected
from the group consisting of O, N and S.

The present invention also provides the above-mentioned
method, wherein X is a group represented by formula (II),
wherein, when Ra or Rb has substituent(s), said substituent is
selected from the group consisting of a carboxyl group, a
hydroxyl group, a phenyl group, an amino group, a meth-
ylthio group, a thiol group, a carbamoyl group, a guanidino
group, a C;_ cycloalkyl group, and a C,_g heterocyclic group
containing 1-4 heteroatoms selected from the group consist-
ing of O, N and S.

The present invention also provides the above-mentioned
method, wherein, said compound represented by formula (1)
is a compound represented by any of the following formulae:
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The present invention also provides the above-mentioned 65
method, wherein said compound represented by formula (I) is
a compound represented by any of the following formulae:

24

N NH,

HN NH,

The compound of the present invention has a blood glucose
elevation suppressing action and can be preferably used as a
drug for the treatment or prophylaxis of diabetes.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the invention and many of
the attendant advantages thereof will be readily obtained as
the same become better understood by reference to the fol-
lowing detailed description when considered in connection
with the accompanying drawings, wherein:

FIG. 1 shows blood glucose levels at 0, 2, 4, and 8 hours
after dosing compounds of No. 10 and 87, and the vehicle at
the dose of 3 mg/kg in KK-A*/JCL mice.

FIG. 2 shows blood glucose levels at 0, 2, 4, and 8 hours
after dosing compounds of No. 19 and 69, and the vehicle at
the dose of 3 mg/kg in KK-A*/JCL mice.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is explained in detail in the follow-
ing.

In the present specification, the phrase “may be substi-
tuted” or “optionally having substituent(s)” means “being
substituted or unsubstituted”. Unless otherwise specified, the
position and number of the substituents may be any, and are
not particularly limited. When substituted by two or more
substituents, the substituents may be the same or different.
Examples of the substituent include a nitro group, a halogen
atom, a cyano group, a hydroxyl group, a sulfanyl group, an
amino group, a guanidino group, a formyl group, a phenyl
group, a lower alkyl group, a lower alkenyl group, a lower
alkynyl group, a lower acyl group, a carboxyl group, a sulfo
group, a phosphono group, a lower alkoxyl group, a lower
alkylthio group, a lower alkylamino group, a lower alkoxy-
carbonyl group, a carbamoyl group, a lower alkylcarbamoyl
group, a lower alkylsulfonylamino group, a sulfamoyl group
and the like.

In the present specification, examples of the substituent of
the “aryl group optionally having substituent(s)” and “hetero-
cyclic group optionally having substituent(s)” include a nitro
group, a halogen atom, a cyano group, a hydroxyl group, a
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sulfanyl group, an amino group, a guanidino group, a formyl
group, a lower alkyl group, a lower alkenyl group, a lower
alkynyl group, a lower acyl group, a carboxyl group, a sulfo
group, a phosphono group, a lower alkoxyl group, a lower
alkylthio group, a lower alkylamino group, a lower alkoxy-
carbonyl group, a carbamoyl group, a lower alkylcarbamoyl
group, a lower alkylsulfonylamino group, a sulfamoyl group
and the like.

The “cyclic amino group” in the present specification is a
saturated or unsaturated cyclic amino group having a carbon
number of 2 to 7, which may contain one or more hetero
atoms in the ring, such as a nitrogen atom, an oxygen atom, a
sulfur atom and the like. For example, a pyrrolidinyl group, a
pyrrolinyl group, a piperidyl group, a morpholinyl group, a
piperazinyl group, a thiomorpholinyl group, a piperidinonyl
group, a piperazinonyl group and the like can be mentioned.

The term “lower” in, for example, a lower alkyl group in
the present specification indicates that the group has 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms, and more
preferably, 1 to 3 carbon atoms, unless otherwise specified.

The “alkyl group” is a linear or branched or cyclic alkyl
group (in particular, a linear or branched alkyl group), pref-
erably, having a carbon number of 1 to 10, more preferably,
having a carbon number of 1 to 8 (i.e., the “C, g alkyl”). For
example, a methyl group, an ethyl group, an n-propyl group,
an n-butyl group, an n-pentyl group, an n-hexyl group, an
isopropyl group, an isobutyl group, a sec-butyl group, a tert-
butyl group, an isopentyl group, a tert-pentyl group, a neo-
pentyl group, a 2-pentyl group, a 3-pentyl group, a 2-hexyl
group, a cyclopropyl group, a cyclobutyl group, a cyclopentyl
group, a cyclohexyl group and the like can be mentioned.
Examples of the “C,_, alkyl group” include an alkyl group
with 1 to 4 carbon atoms, from among the above-mentioned
alkyl group. Examples of the “C,_; alkyl group” include an
alkyl group with 1 to 3 carbon atoms, from among the above-
mentioned alkyl group. Examples of the “C,_, alkyl group”
include an alkyl group with 3 or 4 carbon atoms, from among
the above-mentioned alkyl group.

The “carboxyl C, ¢ alkyl group” is the C, 4 alkyl substi-
tuted by one or more (e.g., 1 to 3, preferably 1 or 2, more
preferably one) carboxyl groups. The “carboxyl C, 5 alkyl” is
the C, ; alkyl group substituted by one or more (e.g., 1 to 3,
preferably 1 or 2, more preferably one) carboxyl groups.

The “cycloalkyl group” is a cyclic alkyl group, preferably,
having a carbon number of 3 to 10. Examples of the
“cycloalkyl” include a cyclopropyl group, a cyclobutyl
group, a cyclopentyl group, a cyclohexyl group and the like.
Examples of the “C; g cycloalkyl group” include a cycloalkyl
group with 3 to 8 carbon atoms, from among the above-
mentioned cycloalkyl group.

The “cycloalkane ring” is a ring moiety in a cycloalkyl
group, preferably, having a carbon number of 3 to 10.
Examples of the “cycloalkane ring” include a cyclopropane
ring, a cyclobutane ring, a cyclopentane ring, a cyclohexane
ring and the like. Examples of the “C; 4 cycloalkane ring”
include a cycloalkane ring with 3 to 8 carbon atoms, from
among the above-mentioned cycloalkane ring. Examples of
the “C,_; cycloalkane ring” include a cycloalkane ring with 3
to 5 carbon atoms, from among the above-mentioned cycloal-
kane ring.

The “alkenyl group” is a linear or branched alkenyl group,
preferably, having a carbon number of 2 to 10, which includes
each isomer. For example, a vinyl group, an allyl group, a
propenyl group, a butenyl group, a pentenyl group, a hexenyl
group and the like can be mentioned. Examples of the “C; ¢
alkenyl group” include an alkenyl group with 3 to 8 carbon
atoms, from among the above-mentioned alkenyl group.

10

15

20

25

30

35

40

45

50

55

60

65

26

Examples of the “C,_, alkenyl group” include an alkenyl
group with 2 to 4 carbon atoms, from among the above-
mentioned alkenyl group.

The “cycloalkenyl group” is a cyclic alkenyl group prefer-
ably, having a carbon number of 3 to 10. For example, a
cyclopropenyl group, a cyclobutenyl group a cyclopentenyl
group, a cyclohexenyl group and the like can be mentioned.
Examples of the “C, cycloalkenyl group” include a
cycloalkenyl group with 3 to 8 carbon atoms, from among the
above-mentioned cycloalkenyl group.

The “C,_q cycloalkene ring” is a ring moiety in a cyclic
alkenyl group having a carbon number of 3 to 8. For example,
a cyclopropene ring, a cyclobutene ring, a cyclopentene ring,
a cyclohexene ring and the like can be mentioned.

The “alkynyl group” is a linear or branched alkynyl group
having a carbon number of 2 to 10, which includes each
isomer. For example, an ethynyl group, a 1-propynyl group, a
2-propynyl group, a 2-butynyl group, a 3-butynyl group, a
pentynyl group and the like can be mentioned.

Examples of the “halogen atom” include a fluorine atom, a
chlorine atom, a bromine atom, an iodine atom and the like.

The “acyl group” is an acyl group having a linear or
branched or cyclic alkyl group or alkenyl group having a
carbon number of' 1 to 10, preferably, 1 to 8, more preferably,
1 to 6. For example, an acetyl group, a propionyl group, a
butyryl group, an isobutyryl group, a valeryl group, an isov-
aleryl group, a pivaloyl group, a hexanoyl group, an acryloyl
group, a methacryloyl group, a crotonoyl group, an isocroto-
noyl group, a cyclopropanoyl group, a cyclobutanoyl group, a
cyclopentanoyl group, a cyclohexanoyl group and the like can
be mentioned.

The “alkoxyl group” is an alkoxyl group having a linear or
branched or cyclic alkyl group having a carbon number of 1 to
10, preferably, 1 to 8, more preferably, 1 to 6, and further more
preferably 1to3 (i.e., the “C,_; alkoxyl group”). For example,
a methoxy group, an ethoxy group, an n-propoxy group, an
n-butoxy group, an n-pentyloxy group, an n-hexyloxy group,
an isopropoxy group, an isobutoxy group, a sec-butoxy
group, a tert-butoxy group, a cyclopropyloxy group, a
cyclobutyloxy group, a cyclopentyloxy group and a cyclo-
hexyloxy group can be mentioned. Examples of “C, _; alkoxyl
group” include an alkoxyl group with 1 to 3 carbon atoms,
from among the above-mentioned alkoxyl group.

The “alkylthio group” is an alkylthio group having a linear
or branched or cyclic alkyl group having a carbon number of
1 to 10, preferably, 1 to 8, more preferably, 1 to 6. For
example, a methylthio group, an ethylthio group, an n-pro-
pylthio group, an isopropylthio group, an n-butylthio group,
an isobutylthio group, a sec-butylthio group, a tert-butylthio
group, a cyclopropylthio group, a cyclobutylthio group, a
cyclopentylthio group, a cyclobutylthio group and the like
can be mentioned.

The “alkylamino group” is an amino group mono- or di-
substituted by the aforementioned “alkyl group”, preferably,
“lower alkyl group”. For example, a methylamino group, an
ethylamino group, a propylamino group, an isopropylamino
group, a dimethylamino group, a diethylamino group, a
dipropylamino group, a diisopropylamino group, an ethylm-
ethylamino group and the like can be mentioned.

The “acyloxy group” is a group wherein an oxygen atom is
bonded to the carbon of the carbonyl moiety of the aforemen-
tioned “acyl group”, preferably, “lower acyl group”. For
example, an acetyloxy group, a propionyloxy group, a
butyryloxy group, an isobutyryloxy group, a valeryloxy
group, an isovaleryloxy group, a pivaloyloxy group, a hex-
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anoyloxy group, an acryloyloxy group, a methacryloyloxy
group, a crotonoyloxy group, an isocrotonoyloxy group and
the like can be mentioned.

The “acylamino group” is a group wherein a nitrogen atom
is bonded to the carbon of the carbonyl moiety of the afore-
mentioned “acyl group”, preferably, “lower acyl group”. For
example, an acetylamino group, a propionylamino group, a
butyrylamino group, an isobutyrylamino group, a valery-
lamino group, an isovalerylamino group, a pivaloylamino
group, a hexanoylamino group, an acryloylamino group, a
methacryloylamino group, a crotonoylamino group, an iso-
crotonoylamino group and the like can be mentioned.

The “alkoxycarbonyl group” is a carbonyl group having
the aforementioned “alkoxyl group”, preferably, “lower
alkoxyl group” such as C,_; alkoxyl group For example, a
methoxycarbonyl group, an ethoxycarbonyl group, a pro-
poxycarbonyl group, an isopropoxycarbonyl group, an n-bu-
toxycarbonyl group, an isobutoxycarbonyl group, a sec-bu-
toxycarbonyl group, a tert-butoxycarbonyl group and the like
can be mentioned. Examples of the “C,_; alkoxy-carbonyl
group” include a carbonyl group with the above-mentioned
C,; alkoxyl group, from among the above-mentioned
alkoxycarbonyl group.

The “alkylcarbamoyl group™ is a group wherein a nitrogen
atom of the aforementioned “alkylamino group” or “cyclic
amino group”, and a carbon atom of the carbonyl group are
bonded. For example, an N-methylcarbamoyl group, an
N-ethylcarbamoyl group, an N,N-dimethylcarbamoyl group,
a 1-pyrrolidinylcarbonyl group, a 1-piperidylcarbonyl group,
a 4-morpholinylcarbonyl group, and the like can be men-
tioned. Examples of the “C, ; alkyl-carbamoyl group”
include an alkylcarbamoyl group with 1 to 3 carbon atoms in
the “alkylamino group” or the “cyclic amino group”, from
among the above-mentioned alkylcarbamoyl group.

The “alkylsulfonylamino group” is a group wherein a
nitrogen atom is bonded to a sulfonyl group wherein the
aforementioned “alkyl group”, preferably, “lower alkyl
group” is bonded to a sulfur atom. For example, a methylsul-
fonylamino group, an ethylsulfonylamino group, a propylsul-
fonylamino group, an isopropylsulfonylamino group, a butyl-
sulfonylamino group, an isobutylsulfonylamino group and
the like can be mentioned.

The “arylsulfonylamino group” is a group wherein a nitro-
gen atom is bonded to a sulfur atom of a sulfonyl group
substituted by an aryl group. For example, a phenylsulfony-
lamino group, a naphthylsulfonylamino group and the like
can be mentioned.

Examples of the “aryl group” include an aryl group having
acarbon number of 6 to 14 such as a phenyl group, a naphthyl
group and the like, preferably, a phenyl group.

The “arene” is a ring moiety in the aryl group having a
carbon number of 6 to 14. Examples of “arene” include a
benzene ring, a naphthalene ring and the like, preferably, a
benzene ring.

The “heterocyclic group” is a 3- to 14-membered mono-
cyclic to tricyclic heterocyclic group containing, as a ring
atom, 1 to 4 hetero atoms selected from an oxygen atom, a
sulfur atom and a nitrogen atom. Any carbon atom as a ring
atom may be substituted by an oxo group, and a sulfur atom or
a nitrogen atom may be oxidized to form an oxide. In addi-
tion, it may be condensed with a benzene ring. For example,
a pyridyl group, a pyridazinyl group, a pyrimidinyl group, a
pyrazinyl group, a furyl group, a thienyl group, a pyrrolyl
group, anisoxazolyl group, an oxazolyl group, an isothiazolyl
group, a thiazolyl group, a pyrazolyl group, an imidazolyl
group, an oxadiazolyl group, a thiadiazolyl group, a triazolyl
group, a tetrazolyl group, a benzofuranyl group, a benzothie-
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nyl group, an indolyl group, an isoindolyl group, a benzox-
azolyl group (=a benzooxazolyl group), a benzothiazolyl
group, a benzimidazolyl group (=a benzoimidazolyl group),
an indazolyl group, a benzisoxazolyl group, a benzisothiaz-
olyl group, a benzofurazanyl group, a benzothiadiazolyl
group, a purinyl group, a quinolinyl group, an isoquinolyl
group, a cinnolinyl group, a phthalazinyl group, a quinazoli-
nyl group, a quinoxalinyl group, a pteridinyl group, an imi-
dazooxazolyl group, an imidazothiazolyl group, an imida-
zoimidazolyl group, a dibenzofuryl group, a dibenzothienyl
group, a carbazolyl group, an acridinyl group, a pyrrolidinyl
group, a pyrazolidinyl group, an imidazolidinyl group, a pyr-
rolinyl group, a pyrazolinyl group, an imidazolinyl group, a
tetrahydrofuryl group, a tetrahydrothiophenyl group, a thia-
zolidinyl group, a piperidyl group, a piperazinyl group, a
quinuclidinyl group, a tetrahydropyranyl group, a tetrahy-
drothiopyranyl group, a morpholinyl group, a thiomorpholi-
nyl group, a dioxolanyl group, a homopiperidyl group, a
homopiperazinyl group, an indolinyl group, an isoindolinyl
group, a chromanyl group, an isochromanyl group, a tetrahy-
dronaphthyridinyl group, an azaindolyl group, a tetrahy-
droisoquinolinyl group, an aziridinyl group, an azetidinyl
group, a dihydropyridyl group and the like can be mentioned.
Preferably, a thiadiazolyl group, an imidazolyl group, a
1H-tetrazolyl group, a piperidyl group, a piperazinyl group, a
thiazolidinyl group, a tetrahydroisoquinolinyl group, an aziri-
dinyl group, an azetidinyl group, a tetrahydrofuryl group, a
dihydropyridyl group and the like can be mentioned.
Examples of the “C, ¢ heterocyclic group” include a hetero-
cyclic group with 3 to 8 carbon atoms as a ring atom, from
among the above-mentioned heterocyclic group. Examples of
the “C;_4 heterocyclic group” include a heterocyclic group
with 3 to 6 carbon atoms as a ring atom, from among the
above-mentioned heterocyclic group. Examples of the “C, 4
heterocyclic group” include a heterocyclic group with 1 to 8
carbon atoms as a ring atom, from among the above-men-
tioned heterocyclic group.

The “heterocycle” is a 3- to 14-membered monocyclic to
tricyclic heterocycle containing, as a ring atom, 1 to 4 hetero
atoms selected from an oxygen atom, a sulfur atom and a
nitrogen atom. Any carbon atom as a ring atom may be
substituted by an oxo group, and a sulfur atom or a nitrogen
atom may be oxidized to form an oxide. In addition, it may be
condensed with a benzene ring. For example, a pyridine ring,
a pyridazine ring, a pyrimidine ring, a pyrazine ring, a furan
ring, a thiophene ring, a pyrrole ring, an isoxazole ring, an
oxazole ring, an isothiazole ring, a thiazole ring, a pyrazole
ring, an imidazole ring, an oxadiazole ring, a thiadiazole ring,
a triazole ring, a tetrazole ring, a benzofuran ring, a ben-
zothiophene ring, an indole ring, an isoindole ring, a benzox-
azole ring (=a benzooxazole ring), a benzothiazole ring, a
benzimidazole ring (=a benzoimidazole ring), an indazole
ring, a benzisoxazole ring, a benzisothiazole ring, a benzo-
furazane ring, a benzothiadiazole ring, a purine ring, a quino-
line ring, an isoquinoline ring, a cinnoline ring, a phthalazine
ring, a quinazoline ring, a quinoxaline ring, a pteridine ring,
an imidazooxazole ring, an imidazothiazole ring, an imida-
zoimidazole ring, a dibenzofuran ring, a dibenzothiophene
ring, a carbazole ring, an acridine ring, a pyrrolidine ring, a
pyrazolidine ring, an imidazolidine ring, a pyrroline ring, a
pyrazoline ring, an imidazoline ring, a tetrahydrofuran ring, a
tetrahydrothiophene ring, a thiazolidine ring, a piperidine
ring, a piperazine ring, a quinuclidine ring, a tetrahydropyr-
ane ring, a tetrahydrothiopyrane ring, a morpholine ring, a
thiomorpholine ring, a dioxolane ring, a homopiperidine ring,
a homopiperazine ring, an indoline ring, an isoindoline ring,
a chromane ring, an isochromane ring, a tetrahydronaphthy-
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ridine ring, an azaindole ring, a tetrahydroisoquinoline ring,
an aziridine ring, an azetidine ring, a dihydropyridine ring and
the like can be mentioned. Preferably, a thiadiazole ring, an
imidazole ring, a tetrazole ring, a piperidine ring, a piperazine
ring, a thiazolidine ring, a tetrahydroisoquinoline ring, an
aziridine ring, an azetidine ring, a tetrahydrofuran ring, a
dihydropyridine ring and the like can be mentioned.
Examples of the “C,_, heterocycle” include a heterocycle
with 2 to 9 carbon atoms as a ring atom, from among the
above-mentioned heterocycle. Examples of the “C;_, hetero-
cycle” include a heterocycle with 3 to 9 carbon atoms as a ring
atom, from among the above-mentioned heterocycle.
Examples of the “C,_¢ heterocycle” include a heterocycle
with 3 to 6 carbon atoms as a ring atom, from among the
above-mentioned heterocycle. Examples of the “C,_¢ hetero-
cycle” include a heterocycle with 1 to 6 carbon atoms as a ring
atom, from among the above-mentioned heterocycle.

The “serine protease” in the present specification is a pro-
tease having, as a catalytic residue, a serine residue having
nucleophilicity. For example, trypsin, chymotrypsin,
elastase, enteropeptidase, kallikrein, thrombin, factor Xa, and
tryptase, and the like can be mentioned. In addition, the term
“serine protease inhibition” in the present specification
means a decrease or disappearance of the aforementioned
serine protease activity. Preferably, it is an inhibition of the
activity of intestinal serine proteases such as trypsin,
enteropeptidase, chymotrypsin, elastase and the like, particu-
larly preferably inhibition of trypsin and enteropeptidase
activities.

The serine protease inhibitor of the present invention is a
dual inhibitor that simultaneously inhibits at least trypsin and
enteropeptidase.

The diabetes in the present specification means type I dia-
betes mellitus and type II diabetes mellitus, with preference
given to type II diabetes mellitus.

In the present invention, the compound represented by the
formula (I) or a pharmaceutically acceptable salt thereof is
preferably as follows.

In the formula (I), R' and R? are the same or different and
each is independently a C, , alkyl group or a C,_, alkenyl
group, or R and R? together with the carbon atom to which
they are bonded form a Cs 4 cycloalkane ring. Preferably, R*
and R? are the same or different from each other and each is
independently a linear or branched C, _, alkyl group (specifi-
cally, a methyl group, an ethyl group and the like), or R' and
R? together with the carbon atom to which they are bonded
form a C,_; cycloalkane ring (specifically, a cyclobutane ring,
a cyclopentane ring and the like). More preferably R* and R?
are independently a C, 5 alkyl group (specifically, a methyl
group, an ethyl group and the like), particularly extremely
preferably a methyl group and an ethyl group and the like.

In other aspect, it is also preferable that R* and R are the
same.

In other aspect, R' and R? are, preferably, both a methyl
group or an ethyl group. In other aspect, R' and R? are,
preferably, both methyl groups. In other aspect, R' and R* are,
preferably, both ethyl groups.

In other aspect, R' and R? are, preferably, the same or
different and each is independently a methyl group, an ethyl
group or a propyl group, or R' and R? together with the carbon
atom to which they are bonded form a cyclobutane ring or a
cyclopentane ring.

In the formula (I), X is —OR?, —NR*R? or a group rep-
resented by the formula (II):
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preferably, —NR*R® or a group represented by the formula
(II), more preferably, a group represented by the formula (II).
In other aspect, X is more preferably —NR*R>. In other
aspect, X is preferably —OR?, more preferably —OH.

In other aspect, X is preferably —OH, —NR*R’ or a group
represented by the formula (II), and each of —NR*R* and the
group represented by the formula (II) has one carboxyl group,
particularly, X is —OH, from the aspect of stability and few
side effects.

In the group —OR?, R? is a hydrogen atom or a C,_, alkyl
group, preferably a hydrogen atom (i.e., —OR? is preferably
—OH).

In the group —NR*R’, R* and R? are the same or different
and each is independently a hydrogen atom, a C, 4 alkyl
group, a carboxyl C, , alkyl group or a C;_g alkenyl group, or
R* and R® together with the nitrogen atom to which they are
bonded form a C,, heterocycle, wherein said C, 4 alkyl
group, said C,_g alkenyl group and said C; g heterocycle may
be substituted with one or more substituents.

In other aspect, in the group —NR*R>, R* and R® are the
same or different and each is independently a hydrogen atom,
a C, ¢ alkyl group, a carboxyl C, 4 alkyl group or a C; 4
alkenyl group, or R* and R together with the nitrogen atom to
which they are bonded form a C,_g heterocycle, wherein said
C, s alkyl group, said carboxyl C, 4 alkyl group, said C;
alkenyl group and said C,_, heterocycle may be substituted
with one or more substituents.

Preferably R* and R® are the same or different and each is
independently a hydrogen atom, a C, ¢ alkyl group, a car-
boxyl C, ¢ alkyl group or a C,_g alkenyl group, wherein said
C, g alkyl group, said carboxyl C, ¢ alkyl group and said C;
alkenyl group may be substituted with one or more substitu-
ents.

More preferably, R* and R are the same or different and
each is independently a hydrogen atom, a C, _; alkyl group or
acarboxyl C,_; alkyl group, whereinsaid C,_; alkyl group and
said carboxyl C, _; alkyl group may be substituted with one or
more substituents.

In other aspect, preferably,

R*is

(1) a carboxyl C, 4 alkyl group optionally substituted by 1
to 3 substituents selected from

(a) a hydroxyl group,

(b) an aryl group (specifically, a phenyl group and the like),

(c) a C, 4 cycloalkyl group (specifically, a cyclohexyl
group and the like),

(d) a carbamoyl group,

(e) an amino group,

(D) an aryl group (specifically, a phenyl group and the like)
optionally substituted by a hydroxyl group,

(g) aC,_; alkyl-carbamoyl group (specifically, an N-meth-
ylcarbamoyl group and the like) optionally substituted
by a carboxyl group, and

(h) a C, 4 heterocyclic group (specifically, a 1H-tetrazolyl
group and the like), or

(2) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from

(a) a sulfo group,

(b) a cyano group,
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(c) a C,_g heterocyclic group (specifically, a 1H-tetrazolyl
group and the like), and

(d) an aryl group (specifically, a phenyl group and the like)
optionally substituted by a carboxyl group, and

R® is a hydrogen atom, a C,_, alkyl group optionally sub-
stituted by a C;_g cycloalkyl group (specifically, a cyclopropyl
group and the like), or a C,_ alkenyl group; or

R*and R® together with the nitrogen atom to which they are
bonded form a C, _, heterocycle substituted by 1 to 3 substitu-
ents selected from

(1) a halogen atom (specifically, a fluorine atom and the
like),

(2) a hydroxyl group,

(3) a carboxyl group, and

(4) a carboxyl C, _; alkyl group (specifically, a carboxylm-
ethyl and group the like).

More preferably,

R*is

(1) a carboxyl C, g alkyl group optionally substituted by 1
to 3 substituents selected from

(a) a hydroxyl group,

(b) an aryl group (specifically, a phenyl group and the like),

(c) a C,4 cycloalkyl group (specifically, a cyclohexyl
group and the like),

(d) a carbamoyl group,

(e) an amino group,

(f) an aryl group (specifically, a phenyl group and the like)
optionally substituted by a carboxyl group or a hydroxyl
group,

(g) a C,_; alkyl-carbamoyl group (specifically, an N-meth-
ylcarbamoyl group and the like) optionally substituted
by a carboxyl group, and

(h) a C, ¢ heterocyclic group (specifically, a 1H-tetrazolyl
group and the like), or

(2) a C,4 alkyl group optionally substituted by 1 to 3
substituents selected from

(a) a sulfo group,

(b) a cyano group, and

(c) a C,_g heterocyclic group (specifically, a 1H-tetrazolyl
group and the like), and

R? is a hydrogen atom, a C, 5 alkyl group optionally sub-
stituted by a C,_¢ cycloalkyl group (specifically, a cyclopropyl
group and the like), or a C; 4 alkenyl group.

In other aspect, preferably, R* is a hydrogen atom, a methyl
group, an ethyl group, a propyl group or a propenyl group, and
R’ is a C,_, alkyl group having 1 or 2 substituent(s) selected
from the group of a carboxyl and hydroxyl group.

In other aspect, preferably, R* is a hydrogen atom, a methyl
group, an ethyl group, a propyl group or a propenyl group, and
R’ is a C,_4 alkyl group having 1 or 2 substituent(s) selected
from the group of a carboxyl group, a hydroxyl group, an
amino group and a carbamoyl group.

In other aspect, preferably, R* and R> are each indepen-
dently a hydrogen atom or a C,_4 alkyl group.

In other aspect, preferably, R* and R’ together with the
nitrogen atom to which they are bonded form a C, g hetero-
cycle substituted by a halogen atom (specifically, a fluorine
atom and the like), a carboxyl group, a carboxyl C,_; alkyl
group (specifically, a carboxylmethyl group and the like) or a
hydroxyl group.

As the C_, alkyl group or the C,  alkyl group for R* and
R’, amethyl group, an ethyl group, a propyl group and the like
can be mentioned.

As the carboxyl C, 4 alkyl for R* and R®, a linear or
branched carboxyl C,  alkyl group such as a 1,2-dicarboxy-
lethyl group, a carboxylmethyl group, a 1-carboxyl-1-meth-
ylethyl group, a 1-carboxyl-2-methylpropyl group, a 2-car-
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boxylethyl group, a 1-carboxylethyl group, a 1,3-
dicarboxylpropyl group, a 1-carboxylpropyl group, a
1-carboxylbutyl group, a 3-carboxylpropyl group, a 1-(car-
boxylmethyl)-2-methylpropyl group, a 4-carboxylbutyl
group, a 1,1-bis(2-carboxylethyl)-3-carboxylpropyl group
and a S-carboxylpentyl group; and a cyclic carboxyl C;
alkyl group such as a 1-carboxylcyclopropyl group, a 1-car-
boxylcyclobutyl group, a 2-carboxylcyclohexyl group and a
3-carboxylcyclohexyl group can be mentioned.

As the carboxyl C, ; alkyl for R* and R®, a linear or
branched carboxyl C, _; alkyl group such as a 1,2-dicarboxy-
lethyl group, a carboxylmethyl group, a 1-carboxyl-1-meth-
ylethyl group, a 2-carboxylethyl group, a 1-carboxylethyl
group, a 1,3-dicarboxylpropyl group, a 1-carboxylpropyl
group and a 3-carboxylpropyl group; and a 1-carboxylcyclo-
propyl group can be mentioned.

As the C,_ alkenyl group for R* and R?, an allyl group and
the like can be mentioned.

In one aspect, when the C,_; alkyl group, the carboxyl C,
alkyl group, the C; ; alkenyl group, the C, _; alkyl group orthe
carboxyl C,  alkyl group for R* or R® has one or more sub-
stituents, unless otherwise indicated, examples of the sub-
stituent include a nitro group, a halogen atom, a cyano group,
a hydroxyl group, a sulfanyl group, an amino group, a guani-
dino group, a formyl group, a lower acyl group, a carboxyl
group, a sulfo group, a phosphono group, a lower alkoxyl
group, a lower alkylthio group, a lower alkylamino group, a
lower acyloxy group, a lower acylamino group, a lower
alkoxycarbonyl group, a carbamoyl group, a lower alkylcar-
bamoyl group, a lower alkylsulfonylamino group, an arylsul-
fonylamino group optionally m having substituent(s), a
cycloalkyl group optionally having substituent(s), an aryl
group optionally having substituent(s), an aryloxy group
optionally having substituent(s), an arylthio group optionally
having substituent(s), an aralkyl group optionally having sub-
stituent(s), an aralkyloxy group is optionally having substitu-
ent(s), an aralkylthio group optionally having substituent(s),
a heterocyclic group optionally having substituent(s), a het-
erocyclyloxy group optionally having substituent(s), a het-
erocyclylthio group optionally having substituent(s), an oxo
group and the like. A halogen atom, a hydroxyl group, a
carboxyl group, a sulfo group, a cyano group, a phosphono
group, a lower alkoxycarbonyl group, an aryl group option-
ally having substituent(s), a heterocyclic group optionally
having substituent(s), an oxo group, and the like are prefer-
able, and a hydroxyl group, a carboxyl group, a sulfo group,
a lower alkoxycarbonyl group, and the like are particularly
preferable. A carboxyl group, a hydroxyl group, a carboxyl
C,_; alkyl group, a C, 4 alkenyl group, a halogen atom, a
carbamoyl group, a phenyl group, an amino group, a sulfo
group, a cyano group, a C;_g cycloalkyl group, and a C, 4
heterocyclic group containing 1-4 heteroatoms selected from
the group consisting of O, N and S, and the like are also
preferable. As for the C,_, heterocyclic group containing 1-4
heteroatoms, a 1H-tetrazolyl group, a 2,4-dioxo-1,3-thiazo-
lidinyl group, and the like can be preferably mentioned. The
number of the substituents is preferably 1 to 3, more prefer-
ably 1 or 2.

In other aspect, when the C, ; alkyl group, the carboxyl
C, s alkyl group, the C, ¢ alkenyl group, the C, _; alkyl group
or the carboxyl C, ; alkyl group for R* or R® has one or more
substituent, unless otherwise indicated, examples of the sub-
stituent include a lower alkylcarbamoyl group optionally hav-
ing substituent(s), a hydroxyl group, a sulfo group, a
cycloalkyl group, a carbamoyl group, an amino group, a
cyano group, an aryl group optionally having substituent(s), a
C, g heterocyclic group and the like. Preferable examples of
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the substituent include a C,_; alkyl-carbamoyl group (specifi-
cally, an N-methylcarbamoyl group and the like) optionally
substituted by a carboxyl group, a hydroxyl group, a sulfo
group, a C,_g cycloalkyl group (specifically, a cyclopropyl
group, a cyclohexyl group and the like), a carbamoyl group,
an amino group, a cyano group, an aryl group (specifically, a
phenyl group and the like) optionally substituted by a car-
boxyl group or a hydroxyl group, a C,  heterocyclic group
(specifically, a 1H-tetrazolyl group and the like) and the like.
The number of the substituents is preferably 1 to 3, more
preferably 1 or 2.

As the C,_, heterocycle or the C;_ heterocycle (i.e., a
cyclic amino group) formed by R* and R® bonded to each
other, an aziridine ring, an azetidine ring, a pyrrolidine ring, a
piperidine ring, a tetrahydroisoquinoline ring and the like are
preferable.

In one embodiment, when the C, _, heterocycle or the C,
heterocycle formed by R* and R® bonded to each other has
one or more substituents, unless otherwise indicated,
examples of the substituent include a nitro group, a halogen
atom, a cyano group, a hydroxyl group, a sulfanyl group, an
amino group, a guanidino group, a formyl group, a lower
alkyl group, a lower alkenyl group, a lower alkynyl group, a
lower acyl group, a carboxyl group, a sulfo group, a
phosphono group, a lower alkoxyl group, a lower alkylthio
group, a lower alkylamino group, a lower alkoxycarbonyl
group, a carbamoyl group, a lower alkylcarbamoyl group, a
lower alkylsulfonylamino group, a sulfamoyl group, an oxo
group, and the like. A carboxyl group, a hydroxyl group, a
carboxyl C,_; alkyl group, a C;_,; alkenyl group, a halogen
atom, a carbamoyl group, a phenyl group, an amino group, a
sulfo group, and a C,_g heterocyclic group containing 1-4
heteroatoms selected from the group consisting of O, N and S,
and the like are preferable. A hydroxyl group, a carboxyl
group, a sulfo group, a phosphono group, a lower alkoxycar-
bonyl group, and the like are also preferable. The number of
the substituents is preferably 1 to 3, more preferably 1 or 2. As
for the C, g heterocyclic group containing 1-4 heteroatoms, a
1H-tetrazolyl group, a 2,4-dioxo-1,3-thiazolidinyl group, and
the like can be preferably mentioned.

In other aspect, when the C,_, heterocycle or the C;
heterocycle formed by R* and R> bonded to each other has
one or more substituents, unless otherwise indicated,
examples of the substituent include a halogen atom, a
hydroxyl group, a carboxyl group, a lower alkyl group option-
ally having substituent(s) and the like. Preferable examples of
the substituent include a halogen atom (specifically, a fluorine
atom and the like), a hydroxyl group, a carboxyl group, a
carboxyl C, ; alkyl group (specifically, a carboxylmethyl
group and the like) and the like. The number of the substitu-
ents is preferably 1 to 3, more preferably 1 or 2.

In the formula (II), R° is a hydrogen atom, a C, , alkyl
group, a carboxyl C, g alkyl group or a C,_g alkenyl group,
wherein said C, g alkyl group, said carboxyl C,  alkyl and
said C;_g alkenyl group may be substituted with one or more
substituents.

In other aspect, in the formula (II), R® is a hydrogen atom,
a C,_g alkyl group, a carboxyl C, ¢ alkyl group or a C; 4
alkenyl group, wherein said C, 4 alkyl group and said C;
alkenyl group may be substituted with one or more substitu-
ents.

Preferably, R® is a hydrogen atom, a C,_ alkyl group or a
C,_g alkenyl group, wherein said C,_g alkyl group and said
C,_5 alkenyl group may be substituted with one or more
substituents.
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More preferably, RS is a hydrogen atom or a C,_, alkyl
group, wherein said C,_; alkyl group may be substituted with
one or more substituents.

In other aspect, preferably, R® is a hydrogen atom, a C,_,
alkyl group optionally substituted by a C,_ cycloalkyl group
(specifically, a cyclopropyl group and the like), or a C5 ¢
alkenyl group.

In other aspect, preferably, R® is a hydrogen atom ora C, 4
alkyl group.

As the C,_; alkyl group or the C,_, alkyl group for RS, a
methyl group, a propyl group and the like can be mentioned.
As the C,_ alkenyl group for RS, an allyl group and the like
can be mentioned.

When the C;_g alkenyl group, the C, _; alkyl group, the C, 4
alkyl group or the carboxyl C,_ alkyl group for R® has one or
more substituents, unless otherwise indicated, examples of
the substituent include a cycloalkyl group. Preferable
examples of the substituent include a C;_g cycloalkyl group
(specifically, a cyclopropyl group and the like).

In the formula (II), Ra and Rb are the same or different and
each is independently a hydrogen atom, a C, 4 alkyl group, a
carboxyl C, 4 alkyl group, a carboxyl group, an aryl group, a
C,_¢ heterocyclic group containing 1 to 4 heteroatoms
selected from the group of O, N and S, or a C,  cycloalkyl
group, or Ra and Rb together with the atom(s) to which they
are bonded form a C; g cycloalkane ring or a C;_g heterocycle
containing 1-4 heteroatoms selected from the group of O, N
and S, wherein said C, 4 alkyl group, said aryl group, said
C, s cycloalkyl group, said C;_4 cycloalkane ring and said
C,_, heterocycle may be substituted with one or more sub-
stituents.

In other aspect, in the formula (IT), Ra and Rb are the same
ordifferent and each is independently ahydrogen atom, aC,
alkyl group, a carboxyl C,  alkyl group, a carboxyl group, an
aryl group, a C;_¢ heterocyclic group containing 1 to 4 het-
eroatoms selected from the group of O, N and S, or a C; 4
cycloalkyl group, or Ra and Rb together with the atom(s) to
which they are bonded form a C; 4 cycloalkane ringora C;
heterocycle containing 1-4 heteroatoms selected from the
group of O, N and S, wherein said C, g alkyl group, said
carboxyl C,_, alkyl group, said aryl group, said C;_ hetero-
cyclic group, said cycloalkyl group, said C;_ ¢ cycloalkane
ring and said C;_g heterocycle may be substituted with one or
more substituents.

In the formula (II), when Ra and Rb do not form a ring,
preferably, Ra and Rb are the same or different from each
other and each is independently a hydrogen atom, a phenyl
group, a C, 4 alkyl group, a carboxyl group or a carboxyl C,
alkyl group, wherein said phenyl group, said C,_; alkyl group
and said is carboxyl C, g alkyl group may be substituted with
one or more substituents.

In the formula (II), when Ra and Rb do not form a ring,
more preferably, Ra and Rb are the same or different from
each other and each is independently a hydrogen atom or a
C,_; alkyl group, wherein said C, ; alkyl group may be sub-
stituted with one or more substituents.

In the formula (II), when Ra and Rb form a ring, said ring
is preferably, a C, 4 cycloalkane ring which may have one or
more substituents, more preferably a cyclopropane ring, a
cyclobutane ring or a cyclopentane ring, which may have one
or more substituents.

In other aspect, preferably, Ra and Rb are the same or
different and each is independently a hydrogen atomoraC,
alkyl group, or Ra and Rb together with the atom(s) to which
they are bonded form a C,_g cycloalkane ring, wherein said
C, s alkyl group and said C; 4 cycloalkane ring may substi-
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tuted with a group selected from a carboxyl group, a carbam-
oyl group, a hydroxyl group, a phenyl group and a C; 4
cycloalkyl group.

In other aspect, preferably, Ra and Rb are the same or
different and each is independently

(1) a hydrogen atom,

(2) a C,4 alkyl optionally group substituted by 1 to 3
substituents selected from (a) an aryl group (specifically, a
phenyl group), (b) a hydroxyl group, (c) a carbamoyl group,
and (d) a C, g heterocyclic group containing 1 to 4 heteroat-
oms selected from O, N and S (specifically, a 1H-tetrazolyl
group),

(3) a carboxyl C, g alkyl group,

(4) an aryl group optionally substituted by a hydroxyl
group,

(5)a C,_g heterocyclic group containing 1 to 4 heteroatoms
selected from the group of O, N and S, or

(6) a C4_g cycloalkyl group, or
Ra and Rb together with the atom(s) to which they are bonded
form a C,_g cycloalkane ring, ora C; g heterocycle containing
1-4 heteroatoms selected from the group of O, N and S, each
of which is optionally substituted by an oxo group.

As the C, 4 alkyl group or the C, 5 alkyl group for Ra and
Rb, a methyl group, an ethyl group, a propyl group, an iso-
propyl group, a sec-butyl group and the like can be men-
tioned.

As the carboxyl C, ; alkyl group for Ra and Rb, a carboxy-
Imethyl group, a 2-carboxylethyl group, and the like can be
mentioned. As the aryl group for Ra and Rb, a phenyl group
and the like can be mentioned. As the C;_ heterocyclic group
for Ra and Rb, a 1H-tetrazolyl group and the like can be
mentioned. As the C, ¢ cycloalkyl group for Ra and Rb, a
cyclohexyl group and the like can be mentioned.

When the C, g alkyl group, the C, 5 alkyl group, the car-
boxyl C,_g alkyl group, the aryl group, the C;_ heterocyclic
group or the C;_ cycloalkyl group for Ra or Rb has one or
more substituents, unless otherwise indicated, examples of
the substituent include a nitro group, a halogen atom, a cyano
group, a hydroxyl group, a sulfanyl group, an amino group, a
guanidino group, a formyl group, a lower acyl group, a car-
boxyl group, a sulfo group, a phosphono group, a lower
alkoxyl group, a lower alkylthio group, a lower alkylamino
group, a lower acyloxy group, a lower acylamino group, a
lower alkoxycarbonyl group, a carbamoyl group, a lower
alkylcarbamoyl group, a lower alkylsulfonylamino group, an
arylsulfonylamino group optionally having substituent(s), a
cycloalkyl group optionally having substituent(s), an aryl
group optionally having substituent(s), an aryloxy group
optionally having substituent(s), an arylthio group optionally
having substituent(s), an aralkyl group optionally having
substituent(s), an aralkyloxy group optionally having
substituent(s), an aralkylthio group optionally having
substituent(s), a heterocyclic group optionally having sub-
stituent(s), a heterocyclyloxy group optionally having sub-
stituent(s), a heterocyclylthio group optionally having sub-
stituent(s), an oxo group, and the like. A carboxyl group, a
hydroxyl group, a phenyl group, an amino group, a lower
alkylthio group, a sulfanyl group, a carbamoyl group, a guani-
dino group, a C; 4 cycloalkyl group, a C, ¢ heterocyclic group
containing 1 to 4 heteroatoms selected from O, N and S, and
the like are preferable, and a hydroxyl group, a carboxyl
group, a sulfo group, a lower alkoxycarbonyl group, a 1H-tet-
razolyl group, and the like are particularly preferable.

In other aspect, when the C,_; alkyl group, the C,_; alkyl
group, the carboxyl C, g alkyl group, the aryl group, the C; ¢
heterocyclic group or the C;_g cycloalkyl group for Ra or Rb
has one or more substituents, unless otherwise indicated,
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examples of the substituent include (a) an aryl group (specifi-
cally, a phenyl group), (b) a hydroxyl group, (c) a carbamoyl
group, and (d) a C,_g heterocyclic group containing 1 to 4
heteroatoms selected from O, N and S (specifically, a 1H-tet-
razolyl group) are particularly preferable.

In other aspect, when Ra or Rb has substituent(s), unless
otherwise indicated, said substituent is selected from a car-
boxyl group, a hydroxyl group, a phenyl group, an amino
group, a methylthio group, a sulfanyl group, a carbamoyl
group, a guanidino group, a C;_g cycloalkyl group,andaC,
heterocyclic group containing 1-4 heteroatoms selected from
the group consisting of O, N and S.

As the C, ¢ cycloalkane ring formed by Ra and Rb bonded
to each other, a cyclopropane ring, a cyclobutane ring, a
cyclopentane ring and the like can be mentioned; a cyclopro-
pane ring and a cyclobutane ring are preferable.

As the C,_, heterocycle ring formed by Ra and Rb bonded
to each other, a tetrahydrofuran ring, a pyrrolidine ring and
the like can be mentioned; a tetrahydrofuran ring is prefer-
able.

When the C,_g cycloalkane ring, the C;_, heterocyclie, the
cyclopropane ring, the cyclobutane ring or the cyclopentane
ring formed by Ra and Rb bonded to each other has one or
more substituents, unless otherwise indicated, examples of
the substituent include a nitro group, a halogen atom, a cyano
group, a hydroxyl group, a sulfanyl group, an amino group, a
guanidino group, a formyl group, a lower alkyl group, a lower
alkenyl group, a lower alkynyl group, a lower acyl group, a
carboxyl group, a sulfo group, a phosphono group, a lower
alkoxyl group, a lower alkylthio group, a lower alkylamino
group, a lower alkoxycarbonyl group, a carbamoyl group, a
lower alkylcarbamoyl group, a lower alkylsulfonylamino
group, a sulfamoyl group, an oxo group, and the like. A
carboxyl group, a hydroxyl group, an oxo group, a phenyl
group, an amino group, a lower alkylthio group, a sulfanyl
group, a carbamoyl group, a guanidino group, a C;_ hetero-
cyclic group containing 1 to 4 heteroatoms selected from O, N
and S, a C,_g cycloalkyl group, and the like are preferable, and
an oxo group is more preferable. The number of the substitu-
ents is preferably 1 to 3, more preferably 1 or 2, particularly
preferably 1.

In the formula (II), Ring A is an arene (specifically, a
benzene ring and the like), a C,_¢ heterocycle containing 1-4
heteroatoms selected from the group of O, N and S (specifi-
cally, a pyridine ring and the like), or a C; g cycloalkane ring
(specifically, a cyclohexane ring and the like).

In other aspect, in the formula (II), Ring A is an arene
(specifically, a benzene ring and the like), a C;_¢ heterocycle
containing 1-4 heteroatoms selected from the group of O, N
and (specifically, a pyridine ring, a 1,2-dihydropyridine ring,
a tetrahydrofuran ring and the like), a C;_4 cycloalkane ring
(specifically, a cyclohexane ring and the like) or a C; 4
cycloalkene ring (specifically, a cyclohexene ring and the
like), wherein said C,_4 heterocycle, said C;_4 cycloalkane
ring and said C;_g cycloalkene ring (preferably, said C; ¢
heterocycle) may be further substituted with an oxo group, in
addition to Ya and Yb.

In the formula (IT), Ring A is, preferably, a benzene ring, a
pyridine ring, a 1,2-dihydropyridine ring, or a C,_4 hetero-
cycle containing 1-4 oxygen atoms (specifically, a tetrahy-
drofuran ring and the like), more preferably, a benzene ring, a
pyridine ring or a C;_g heterocycle containing 1 to 4 oxygen
atoms (specifically, a tetrahydrofuran ring and the like), still
more preferably, a benzene ring or a pyridine ring, most
preferably, a benzene ring, wherein said 1,2-dihydropyridine
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ring and said C,_¢ heterocycle containing 1-4 oxygen atoms
may be further substituted with an oxo group, in additionto Ya
and Yb.

In the formula (1), Ya is a hydrogen atom, a halogen atom,
a carboxyl group, a hydroxyl group, a carbonyl group (e.g., a
C, 5 alkoxy-carbonyl group), a carboxyl C, 5 alkyl group ora
sulfo group.

In other aspect, in the formula (I), Ya is a hydrogen atom,
a halogen atom, a carboxyl group, a hydroxyl group, a C, 5
alkoxy-carbonyl group, a carboxyl C, ; alkyl group or a sulfo
group.

In the formula (II), Ya is, preferably a carboxyl group, a
carboxyl C,_; alkyl group, a hydroxyl group, a sulfo group, a
halogen atom or a C, _; alkoxy-carbonyl group, more prefer-
ably, a carboxyl group, a carboxyl C, ; alkyl group, a
hydroxyl group or a halogen atom, even more preferably, a
carboxyl group or a carboxyl C, 5 alkyl group.

As the halogen atom for Ya, a fluorine atom and the like can
be mentioned. As the carboxyl C, 5 alkyl group for Ya, a
carboxylmethyl group and the like can be mentioned. As the
C, ;5 alkoxy-carbonyl group for Ya, a methoxycarbonyl and
the like can be mentioned.

In the formula (IT), Yb is a hydrogen atom, a halogen atom,
a carboxyl group, a hydroxyl group, a carbonyl group (e.g., a
C, 5 alkoxy-carbonyl group), a carboxyl C, 5 alkyl group, a
nitro group, a cyano group or a C,_; alkoxyl group.

In other aspect, in the formula (II), Yb is a hydrogen atom,
a halogen atom, a carboxyl group, a hydroxyl group, a C, 5
alkoxy-carbonyl group, a carboxyl C,_; alkyl group, a nitro
group, a cyano group or a C,_; alkoxyl group.

In the formula (I), Yb is, preferably a hydrogen atom, a
C, 5 alkoxycarboxyl group, a hydroxyl group or a halogen
atom, more preferably, a carboxyl group or a hydroxyl group.

In other aspect, in the formula (II), Yb is preferably, a
hydrogen atom, a halogen atom, a carboxyl group or a
hydroxyl group.

In other aspect, in the formula (II), Yb is preferably, a
hydrogen atom, a carboxyl group, a hydroxyl group, a C, 5
alkoxy-carbonyl group or a C, _; alkoxyl group.

As the C, ; alkoxy-carbonyl group for Yb, a methoxycar-
bonyl group and the like can be mentioned. As the C, 5
alkoxyl group for Yb, a methoxy group and the like can be
mentioned.

In the formula (IT), p is 0, 1, 2, 3 or 4, preferably, 0, 1, 2 or
3, more preferably, 0, 1 or 2.

In the formula (II), q is 0 or 1, preferably, 1.

In the formula (II), preferable combinations of p and q are
when p=1 or 2, and g=0, and when p=0 or 1, and q=1, further
preferable combinations are when p=1 or 2, and =0, or when
p=0 and g=1.

In the formula (I), R” is a hydrogen atom, a halogen atom or
a nitro group, preferably a hydrogen atom, a halogen atom
such as a fluorine atom or a chlorine atom, more preferably, a
halogen atom such as a fluorine atom or a chlorine atom, still
more preferably, a fluorine atom. The structure-activity rela-
tionship for the variation on this substituent is well-supported
by the previous application by the present inventors,
WO02011/071048, which is incorporated herein by reference
in its entirety.

In another preferable embodiment, in the formula (I), X is
—OR? or —NR®R?, preferably —OR?, more preferably
—OH.

R? is an optionally substituted C, _ alkyl group, an option-
ally substituted aryl group, an optionally substituted C; ¢
heterocyclic group, an optionally substituted C;_g cycloalkyl
group, or an optionally substituted C, ¢ cycloalkenyl group,
and
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R? is a hydrogen atom, an optionally substituted C,_ alkyl
group or an optionally substituted C,_ alkenyl group; or

R® and R? together with the nitrogen atom to which they are
bonded form an optionally substituted C,_, heterocycle.

Preferably,

R®is

(1)aC,_g alkyl group (e.g., a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, an
isobutyl group, a pentyl group, a 1,2-dimethylbutyl
group, a 1,1-diethylpropyl group) optionally substituted
by 1 to 3 substituents selected from
(a) a carboxyl group,

(b) a hydroxyl group,

(c) an aryl group (e.g., a phenyl group) optionally sub-
stituted by a carboxyl group or a hydroxyl group,

(d) a sulfo group,

(e) a C, ¢4 cycloalkyl group (e.g., a cyclohexyl group),

(f) a carbamoyl group,

(g) an amino group,

(h) a cyano group,

(1) a C,_g heterocyclic group (e.g., a 1H-tetrazolyl
group), and

(j) a C, 5 alkyl-carbamoyl group (e.g., an N-methylcar-
bamoyl group) optionally substituted by a carboxyl
group,

(2) an aryl group (e.g., a phenyl group) optionally substi-
tuted by 1 to 3 substituents selected from
(a) a carboxyl group,

(b) a hydroxyl group,

(c) aC,_; alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group,

(d)a C,_; alkoxy-carbonyl group (e.g., a methoxycarbo-
nyl group), and

(e) a sulfo group,

(3)a C,_g heterocyclic group (e.g., a tetrahydrofuryl group,
a pyridyl group, a 1,2-dihydropyridyl group) optionally
substituted by 1 to 3 substituents selected from
(a) an oxo group,

(b) aC,_; alkoxyl group (e.g., a methoxy group), and
(c) a halogen atom (e.g., a fluorine atom),

(4) a C, 4 cycloalkyl group (e.g., a cyclopropyl group, a
cyclobutyl group, a cyclohexyl group) optionally substi-
tuted by a carboxyl group, or

(5) a C4_4 cycloalkenyl group (e.g., a cyclohexenyl group)
optionally substituted by a carboxyl group, and

R? is a hydrogen atom, a C,_ alkyl group (e.g., a methyl
group, a propyl group) optionally substituted by a C;_4
cycloalkyl group (e.g., a cyclopropyl group), or a C;_g alkenyl
group (e.g., an allyl group); or

R®and R together with the nitrogen atom to which they are
bonded form a C,_, heterocycle (e.g., an aziridine ring, an
azetidine ring, a pyrrolidine ring, a piperidine ring, a tetrahy-
droisoquinoline ring) optionally substituted by 1 to 3 sub-
stituents selected from

(1) a carboxyl group,

(2) a C,_5 alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group,

(3) a halogen atom (e.g., a fluorine atom), and

(4) a hydroxyl group.

In more preferable embodiment, X is preferably —OH or
—NR®*R?, more preferably —OH, from the aspect of stabil-
ity and few side effects.

R¥® is a substituted C, 4 alkyl group, a substituted aryl
group, a substituted C;_¢ heterocyclic group, a substituted
C,_¢ cycloalkyl group, or a substituted C;_g cycloalkenyl
group, each of which has one carboxyl group, and
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R”'is a hydrogen atom, an optionally substituted C,_ alkyl
group which has no carboxyl group, or an optionally substi-
tuted C;_g alkenyl group which has no carboxyl group; or

R® and R together with the nitrogen atom to which they
are bonded form a substituted C,_g heterocycle which has one
carboxyl group.

Preferably,

R*is

(1)aC, 4 alkyl group (e.g., a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, an
isobutyl group, a pentyl group, a 1,2-dimethylbutyl
group, a 1,1-diethylpropyl group) substituted by 1 to 3
substituents selected from
(a) a carboxyl group,

(b) a hydroxyl group,

(c) an aryl group (e.g., a phenyl group) optionally sub-
stituted by a carboxyl group or a hydroxyl group,

(d) a sulfo group,

(e) a C,_g cycloalkyl group (e.g., a cyclohexyl group),

(f) a carbamoyl group,

(g) an amino group,

(h) a cyano group,

(1) a C, heterocyclic group (e.g., a 1H-tetrazolyl
group), and

(j) a C, 5 alkyl-carbamoyl group (e.g., an N-methylcar-
bamoyl group) optionally substituted by a carboxyl
group,

provided that said substituted C, ¢ alkyl group has one
carboxyl group,

(2) an aryl group (e.g., a phenyl group) substituted by 1 to

3 substituents selected from

(a) a carboxyl group,

(b) a hydroxyl group,

(c) a C,_5 alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group,

(d) aC,_; alkoxy-carbonyl group (e.g., a methoxycarbo-
nyl group), and

(e) a sulfo group,

provided that said substituted aryl group has one carboxyl
group,

(3) a C; 4 cycloalkyl group (e.g., a cyclopropyl group, a
cyclobutyl group, a cyclohexyl group) substituted by
one carboxyl group, or

(4) a C,_4 cycloalkenyl group (e.g., a cyclohexenyl group)
substituted by one carboxyl group, and

R”'is a hydrogen atom, a C, , alkyl group (e.g., a methyl
group, a propyl group) optionally substituted by a C; 4
cycloalkyl group (e.g., acyclopropyl group), ora C;_g alkenyl
group (e.g., an allyl group); or

R” and R together with the nitrogen atom to which they
are bonded form a C,_g heterocycle (e.g., an aziridine ring, an
azetidine ring, a pyrrolidine ring, a piperidine ring, a tetrahy-
droisoquinoline ring) substituted by 1 to 3 substituents
selected from

(1) a carboxyl group,

(2) a C,_; alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group,

(3) a halogen atom (e.g., a fluorine atom), and

(4) a hydroxyl group,

provided that said substituted C,_, heterocycle formed by
R* and R” has one carboxyl group.

More preferably,

R¥ is

(1)aC, 4 alkyl group (e.g., a methyl group, an ethyl group,
a propyl group, an isopropyl group, a butyl group, an
isobutyl group, a pentyl group, a 1,2-dimethylbutyl
group) substituted by 1 to 3 substituents selected from
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(a) a carboxyl group,

(b) a hydroxyl group,

(c) an aryl group (e.g., a phenyl group) optionally sub-
stituted by a carboxyl group or a hydroxyl group,

(d) a C,_¢ cycloalkyl group (e.g., a cyclohexyl group),

(e) a carbamoyl group,

(f) an amino group,

(g) a C,_g heterocyclic group (e.g., a 1H-tetrazolyl
group), and

(h) a C,_; alkyl-carbamoyl group (e.g., an N-methylcar-
bamoyl group) optionally substituted by a carboxyl
group,

provided that said substituted C, 4 alkyl group has one

carboxyl group,

(2) an aryl group (e.g., a phenyl group) substituted by 1 to
3 substituents selected from
(a) a carboxyl group,

(b) a hydroxyl group,

(c) aC,_; alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group, and

(d)a C,_; alkoxy-carbonyl group (e.g., a methoxycarbo-
nyl group),

provided that said substituted aryl group has one carboxyl

group,

(3) a C,_4 cycloalkyl group (e.g., a cyclopropyl group, a
cyclobutyl group, a cyclohexyl group) substituted by
one carboxyl group, or

(4) a C4_4 cycloalkenyl group (e.g., a cyclohexenyl group)
substituted by one carboxyl group, and

R® is a hydrogen atom, a C,_, alkyl group (e.g., a methyl

group, a propyl group) optionally substituted by a C;_4
cycloalkyl group (e.g., a cyclopropyl group), or a C;_g alkenyl
group (e.g., an allyl group); or

R* and R together with the nitrogen atom to which they

are bonded form a C,_, heterocycle (e.g., an aziridine ring, an
azetidine ring, a pyrrolidine ring, a piperidine ring, a tetrahy-
droisoquinoline ring) substituted by 1 to 3 substituents
selected from

(1) a carboxyl group,

(2) a C,_5 alkyl group (e.g., a methyl group) optionally
substituted by a carboxyl group, and

(3) a hydroxyl group,

provided that said substituted C, 4 heterocycle formed by
R® and R has one carboxyl group.

In the formula (I), when R* and R? are both methyl groups,
then neither of R* nor R is an ethyl group substituted with
two carboxyl groups, and when R* and R are both methyl
groups, then the group represented by the formula (II) is not
a group represented by the formula:

CO,H

* /((S)
~

N CO,H.
H

In other aspect, in the formula (I), when R* and R? are both
methyl groups, then X is not a group represented by the
formula:
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As preferable embodiments of the compound represented
by the formula (I) or a pharmaceutically acceptable salt
thereof, the following can also be mentioned;

provided, however, that when R' and R? are both methyl
groups, then X is not a group represented by the formula:

CO,H

*\ /((S)

N CO,H,
H

in the formula (I).
Compound 1-A.

The compound represented by the formula (I) wherein,

R' and R? are both methyl groups,

X is —NR*R’, wherein

R* is a hydrogen atom, a methyl group, an ethyl group, a
propyl group or a propenyl group,

R%isaC,_, alkyl group having 1 or 2 substituent(s) selected
from the group of a carboxyl group and a hydroxyl group, and

R7 is a fluorine atom,
or a pharmaceutically acceptable salt thereof.

Compound 1-B.
The compound represented by the formula (I) wherein,
R! and R? are both ethyl groups,

X is —NR*R®, wherein

R* is a hydrogen atom, a methyl group, an ethyl group, a
propyl group or a propenyl group,

R’isaC,_salkyl group having 1 or 2 substituent(s) selected
from the group of a carboxyl group, a hydroxyl group, an
amino group and a carbamoyl group, and

R” is a fluorine atom,
or a pharmaceutically acceptable salt thereof.

Compound 1-C.
The compound represented by the formula (I) wherein,
R! and R? are both methyl groups or an ethyl group,

X is the group represented by formula (II) wherein,

RS is a hydrogen atom or a methyl group,

R” is a fluorine atom,

p=0,

=1,

Ring A is a phenyl group, a 3-pyridyl group or a 4-pyridyl
group,

Ya is a hydrogen group, a carboxyl group, a hydroxyl
group, a methoxy group, a carboxylmethyl group, an oxo
group or a halogen atom,

Yb is a hydrogen atom or a halogen atom, or a pharmaceu-
tically acceptable salt thereof.

Compound 2-A.

The compound represented by the formula (I) wherein:

R! and R? are the same or different and each is indepen-
dently a C,_, alkyl group or a C,_, alkenyl group, or R* and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;

X is —OR?®, —NR*R” or the group represented by the for-
mula (IT) wherein,

R? is a hydrogen atom or a C,_, alkyl group;
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R*is

(1) a carboxyl C, 4 alkyl group optionally substituted by 1
to 3 substituents selected from (a) a hydroxyl group, (b)
an aryl group, (¢) a C,_g cycloalkyl group, (d) a carbam-
oyl group, (e) an amino group, (f) an aryl group option-
ally substituted by a hydroxyl group, (g) a C,_; alkylcar-
bamoyl group optionally substituted by a carboxyl
group, and (h) a C,_g heterocyclic group, or

(2) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) a sulfo group, (b) a cyano
group, (¢) a C,_g heterocyclic group, and (d) an aryl
group optionally substituted by a carboxyl group, and

R’ is a hydrogen atom, a C,_, alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, ora C;_, alkenyl group; or

R*and R® together with the nitrogen atom to which they are
bonded form a C, ¢ heterocycle substituted by 1 to 3 substitu-
ents selected from (1) a halogen atom, (2) a hydroxyl group,
(3) a carboxyl group, and (4) a carboxyl C, ; alkyl group;

R® is a hydrogen atom, a C, ; alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, or a C;_g alkenyl group;
and

Ra and Rb are the same or different and each is indepen-
dently

(1) a hydrogen atom,

(2) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) an aryl group, (b) a
hydroxyl group, (c) a carbamoyl group, and (d) a C, ¢
heterocyclic group containing 1 to 4 heteroatoms
selected from O, N and S,

(3) acarboxyl C,  alkyl group,

(4) an aryl group optionally substituted by a hydroxyl
group,

(5) a C,_gheterocyclic group containing 1 to 4 heteroatoms
selected from the group of O, N and S, or

(6) a C,_q cycloalkyl group, or

Ra and Rb together with the atom(s) to which they are
bonded form a C;_g cycloalkane ring, or a C;_ heterocycle
containing 1-4 heteroatoms selected from the group of O, N
and S, each of which is optionally substituted by an oxo
group;

Ring A is an arene, a C;_¢ heterocycle containing 1-4 het-
eroatoms selected from the group of O, N and S, a C; 4
cycloalkane ring or a C; ¢ cycloalkene ring, wherein said C;_g
heterocycle, said C, ¢ cycloalkane ring and said C;g
cycloalkene ring may be further substituted with an oxo
group, in addition to Ya and Yb;

Ya is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a C,_; alkoxy-carbonyl group, a carboxyl
C,_; alkyl group or a sulfo group;

Yb is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a C,_; alkoxy-carbonyl group, a carboxyl
C,_; alkyl group, a nitro group, a cyano group or a C, 5
alkoxyl group;

pis0,1,2,3 or4;

qisOor1;and

R” is a hydrogen atom, a halogen atom or a nitro group, or
a pharmaceutically acceptable salt thereof.

Compound 2-B.

The compound represented by the formula (I) wherein:

R! and R? are the same or different and each is indepen-
dently aC,_, alkyl group ora C,_, alkenyl group, or R! and R?
together with the carbon atom to which they are bonded form
a C, 4 cycloalkane ring;

X is —OR?, wherein

R? is a hydrogen atom or a C,_, alkyl group; and

R” is a hydrogen atom, a halogen atom or a nitro group, or
a pharmaceutically acceptable salt thereof.
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Compound 2-C.
The compound represented by the formula (I) wherein:
R! and R? are the same or different and each is indepen-
dently a C,_, alkyl group or a C,_, alkenyl group, or R* and R?

together with the carbon atom to which they are bonded form 5

a C,_g cycloalkane ring;

X is —OH, and

R’ is a hydrogen atom, a halogen atom or a nitro group, or
a pharmaceutically acceptable salt thereof.
Compound 2-A'.

The compound represented by the formula (I) wherein:

R! and R? are the same or different and each is indepen-
dently aC,_, alkyl group or a C,_, alkenyl group, or R m and
R? together with the carbon atom to which they are bonded
form a C; 4 cycloalkane ring;

X is —OR? or —NR®R?; wherein

R? is a hydrogen atom or a C,_, alkyl group;

R®is

(1) a C, 4 alkyl group optionally substituted by 1 to 3
substituents selected from (a) a carboxyl group, (b) a
hydroxyl group, (¢) an aryl group optionally substituted
by a carboxyl group or a hydroxyl group, (d) a sulfo
group, (e) a C, 4 cycloalkyl group, (f) a carbamoyl
group, (g) an amino group, (h) a cyano group, (i)aC, ¢
heterocyclic group, and (j) a C, _; alkylcarbamoyl group
optionally substituted by a carboxyl group,

(2) an aryl group optionally substituted by 1 to 3 substitu-
ents selected from (a) a carboxyl group, (b) a hydroxyl
group, (c) a C,_; alkyl group optionally substituted by a
carboxyl group, (d) a C,_; alkoxy-carbonyl group, and
(e) a sulfo group,

(3) a C4_g heterocyclic group optionally substituted by 1 to
3 substituents selected from (a) an oxo group, (b)a C, 5
alkoxyl group, and (c) a halogen atom,

(4) a C,_4 cycloalkyl group optionally substituted by a
carboxyl group, or

(5) a C,_g cycloalkenyl group optionally substituted by a
carboxyl group, and

R? is a hydrogen atom, a C, _ alkyl group optionally sub-

stituted by a C;_g cycloalkyl group, ora C;_ alkenyl group; or

R® and R? together with the nitrogen atom to which they are

bonded form a C, g heterocycle optionally substituted by 1 to
3 substituents selected from (1) a carboxyl group, (2) a C, 5
alkyl group optionally substituted by a carboxyl group, (3) a
halogen atom, and (4) a hydroxyl group; and

R’ is a hydrogen atom, a halogen atom or a nitro group, or

a pharmaceutically acceptable salt thereof.
Compound 2-B'.
The compound represented by the formula (I) wherein:
R! and R? are the same or different and each is indepen-
dently a C,_, alkyl group or a C,_, alkenyl group, or R* and R?
together with the carbon atom to which they are bonded form
a C,_g cycloalkane ring;

X is —OH or —NR®R®', wherein

R¥ is

(1) a C, 4 alkyl group substituted by 1 to 3 substituents
selected from (a) a carboxyl group, (b) a hydroxyl group,
(c) an aryl group optionally substituted by a carboxyl
group or a hydroxyl group, (d) a sulfo group, (¢) a C; ¢
cycloalkyl group, (f) a carbamoyl group, (g) an amino
group, (h) a cyano group, (i) a C, g heterocyclic group,
and (j) a C,_; alkylcarbamoyl group optionally substi-
tuted by a carboxyl group, provided that said substituted
C, s alkyl group has one carboxyl group,

(2) an aryl group substituted by 1 to 3 substituents selected
from (a) a carboxyl group, (b) a hydroxyl group, (c) a
C,_; alkyl group optionally substituted by a carboxyl
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group, (d) a C,_; alkoxy-carbonyl group, and (e) a sulfo
group, provided that said substituted aryl group has one
carboxyl group,
(3) a C, 4 cycloalkyl group substituted by one carboxyl
group, or
(4) a C,_g cycloalkenyl group substituted by one carboxyl
group, and
R®'is a hydrogen atom, a C,  alkyl group optionally sub-
stituted by a C;_g cycloalkyl group, ora C; 4 alkenyl group; or
R® and R” together with the nitrogen atom to which they
are bonded form a C, , heterocycle substituted by 1 to 3
substituents selected from (1) a carboxyl group, (2) a C, 5
alkyl group optionally substituted by a carboxyl group, (3) a
halogen atom, and (4) a hydroxyl group, provided that said
substituted C,_, heterocycle formed by R® and R® has one
carboxyl group; and
R is a hydrogen atom, a halogen atom or a nitro group, or
a pharmaceutically acceptable salt thereof.

Compound 3-A.

A compound represented by any of the following formulas;
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or a pharmaceutically acceptable salt thereof.
Compound 3-B.
A compound represented by any of the following formulas;
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As the serine protease inhibitory activity, an activity m of
simultaneously inhibiting trypsin and enteropeptidase is pref-
erable.

When the compound of the present invention can form a
salt, a pharmaceutically acceptable salt is preferable.
Examples of such pharmaceutically acceptable salts for a
compound having an acidic group such as a carboxyl group
and the like include an ammonium salt, salts with alkali
metals such as sodium, potassium, and the like, salts with
alkaline earth metals such as calcium, magnesium, and the
like, an aluminum salt, a zinc salt, salts with an organic
amines such as triethylamine, ethanolamine, morpholine,
pyrrolidine, piperidine, piperazine, dicyclohexylamine, and
the like, and salts with a basic amino acid such as arginine,
lysine, and the like. Examples of such pharmaceutically
acceptable salts for a compound having a basic group include
salts with an inorganic acid such as hydrochloric acid, sulfu-
ric acid, phosphoric acid, nitric acid, hydrobromic acid, and
the like, salts with an organic carboxylic acid such as acetic
acid, citric acid, benzoic acid, maleic acid, fumaric acid,
tartaric acid, succinic acid, tannic acid, butyric acid, pamoic
acid, enanthic acid, decanoic acid, salicylic acid, lactic acid,
oxalic acid, mandelic acid, malic acid, and the like, and salts
with an organic sulfonic acid such as methanesulfonic acid,
benzenesulfonic acid, p-toluenesulfonic acid, and the like.

The compound of the present invention also encompasses
all optical isomers, stereoisomers, tautomers, rotamers, and
mixtures thereof at optional ratios. These can be obtained
each as a single product according to a synthesis method and
separation method known per se. For example, an optical
isomer can be obtained by using an optically active synthesis
intermediate or by optically resolving a racemate of a synthe-
sis intermediate or final product by a conventional method.

The compound of the present invention also includes sol-
vates of the compound such as hydrates, alcohol adducts, and
the like.

The compound of the present invention may be converted
to a prodrug. The prodrug of the present invention means a
compound that is converted in the body to produce the com-
pound of the present invention. For example, when an active
form contains a carboxyl group or a phosphoric acid group, an
ester thereof, amide thereof, and the like can be mentioned.
When an active form contains a carboxyl group, a group to be
converted to a carboxyl group by oxidative metabolism, such
as a hydroxymethyl group and the like can be mentioned. In
addition, when the active form contains an amino group,
examples thereof include an amide thereof, a carbamate
thereof, and the like. When the active form contains a
hydroxyl group, examples thereof include esters thereof, car-
bonates thereof, carbamates thereof, and the like. When the
compound of the present invention is converted to a prodrug,
it may be bonded to an amino acid or saccharide.

The present invention also encompasses a metabolite of the
compound of the present invention. The metabolite of the
compound of present invention means a compound resulting
from the conversion of the compound of the present invention
by a metabolic enzyme and the like in the body. For example,
a compound wherein a hydroxyl group is introduced on the
benzene ring of the compound of the present invention due to
the metabolism, a compound wherein glucuronic acid, glu-
cose, or an amino acid is bonded to the carboxylic acid moiety
of'the compound of the present invention or a hydroxyl group
is added by the metabolism, and the like can be mentioned.

The compound of the present invention and a pharmaceu-
tically acceptable salt thereof have a superior blood glucose
elevation suppressing action for mammals such as humans,
bovines, horses, dogs, mice, rats, cats, and the like, and can be
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used as a medicament, which is administered as it is or as a
pharmaceutical composition containing the same mixed with
a pharmaceutically acceptable carrier according to a method
known per se. While oral administration is generally prefer-
able, parenteral administration can also be employed (e.g.,
routes such as intravenous, subcutaneous, intramuscular, sup-
pository, enema, ointment, patch, sublingual, eye drop, inha-
lation administrations, and the like). While the dose used for
the above-mentioned objects is determined according to the
desired treatment effect, administration method, duration of
treatment, age, body weight, and the like, a daily dose of 1 pug
to 10 g for oral administration and 0.01 pg to 1 g, preferably
0.1 pgto 1 g, for parenteral administration is used, which is
generally administered to an adult by an oral or parenteral
route in one to several portions per day. In addition, the
content of the compound of the present invention in the
above-mentioned pharmaceutical composition is about 0.01
wt % to 100 wt % of the whole composition.

Examples of the pharmaceutically acceptable carrier for
the pharmaceutical composition of the present invention
include various organic or inorganic carrier substances con-
ventionally used as preparation materials. For example, an
excipient, lubricant, binder, disintegrant, water-soluble poly-
mer, and basic inorganic salt in a solid preparation; a solvent,
solubilizing agents, suspending agent, isotonicity agent, buff-
ering agent, and soothing agent in a liquid preparation, and
the like can be mentioned. Where necessary, general additives
such as a preservative, antioxidant, colorant, sweetening
agent, souring agent, effervescing agent, flavor, and the like
can also be used.

The dosage form of such a pharmaceutical composition
may be a tablet, powder, pill, granule, capsule, suppository,
solution, sugar-coated agent, depot, syrup, suspension, emul-
sion, troche, sublingual agent, adhesive preparation, oral dis-
integrant (tablet), inhalant, enema, ointment, patch, tape, or
eye drop, and these can be produced using conventional for-
mulation auxiliaries and according to a conventional method.

The pharmaceutical composition of the present invention
can be produced according to a method conventionally used
in the technical field of pharmaceutical formulation, for
example, the method described in the Japanese Pharmaco-
poeia, which is incorporated herein by reference in its
entirety, and the like. Specific production methods of the
preparation are explained in detail in the following.

For example, when the compound of the present invention
is prepared as an oral preparation, an excipient and, where
necessary, a binder, disintegrant, lubricant, colorant, flavor-
ing agent, and the like are further added, and the mixture is
processed to give, for example, a tablet, powder, pill, granule,
capsule, suppository, solution, sugar-coated agent, depot,
syrup, and the like according to a conventional method.
Examples of the excipient include lactose, cornstarch,
sucrose, glucose, sorbitol, crystalline cellulose, and the like.
Examples of the binder include polyvinyl alcohol, polyvinyl
ether, ethylcellulose, methylcellulose, gum arabic, traga-
canth, gelatin, shellac, hydroxypropylcellulose, hydroxypro-
pylstarch, polyvinylpyrrolidone, and the like. Examples of
the disintegrant include starch, agar, gelatin powder, crystal-
line cellulose, calcium carbonate, sodium hydrogen carbon-
ate, calcium citrate, dextran, pectin, and the like. Examples of
the lubricant include magnesium stearate, talc, polyethylene
glycol, silica, hydrogenated vegetable oil, and the like. As the
colorant, one acceptable to add to a pharmaceutical product is
used, and as the flavoring agent, cocoa powder, menthol,
aromatic acid, peppermint oil, borneol, powdered cinnamon
bark, and the like are used. Where necessary, these tablets and
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granules are applied with a coating as appropriate such as a
sugar coating, gelatin coating, and the like.

When an injection is to be prepared, a pH adjuster, buffer-
ing agent, stabilizer, preservative, and the like are added
where necessary, and the mixture is processed to give subcu-
taneous, intramuscular, or intravenous injection according to
a conventional method.

While the compound of the present invention can be used
as an agent for the treatment or prophylaxis of diabetes as
mentioned above, it can also be used in combination with
other therapeutic agents for diabetes and agents for the treat-
ment or prophylaxis of diabetic complications, which are
used generally. Examples of the therapeutic agents for diabe-
tes and agents for the treatment or prophylaxis of diabetic
complications, which are used generally, include combina-
tions and mixtures of one or more kinds of an insulin prepa-
ration, insulin derivative, insulin-like agent, insulin secreta-
gogue, insulin sensitizer, biguanide, gluconeogenesis
inhibitor, glucose absorption inhibitor, renal glucose reab-
sorption inhibitor, 3 adrenoceptor agonist, glucagon-like
peptide-1 (7-37), glucagon-like peptide-1 (7-37) analogs,
glucagon-like peptide-1 receptor agonist, dipeptidyl pepti-
dase IV inhibitor, aldose reductase inhibitor, inhibitor of
advanced glycation end product formation, glycogen syn-
thase kinase-3 inhibitor, glycogen phosphorylase inhibitor,
antihyperlipidemic drug, anorectic agent, lipase inhibitor,
antihypertensive agent, peripheral circulation improving
agent, antioxidant, a therapeutic drug for diabetic neuropathy,
and the like.

A medicament to be used in combination with the com-
pound of the present invention may be mixed to give a single
agent or each may be formulated into separate preparations,
or prepared into a combination preparation (set, kit, or pack)
obtained by packaging each of the separately formulated
preparations in one container.

The administration form of combined use is not particu-
larly limited and, for example, (1) administration as a single
preparation, (2) simultaneous administration of separate
preparations by the same administration route, (3) adminis-
tration of separate preparations in a staggered manner by the
same administration route, (4) simultaneous administration
of separate preparations by different administration routes,
(5) administration of separate preparations in a staggered
manner by different administration routes, and the like can be
mentioned.

In addition, the compound of the present invention is also
useful even when contained in food.

A food composition containing the compound of the
present invention is useful as a food for the treatment or
prophylaxis of diabetes.

The “food” of the present invention means general foods,
which include foods for specified health uses and foods with
nutrient function claims defined by Food with Health Claims
of Consumer Affairs Agency, Government of Japan, in addi-
tion to general foods including so-called health food, and
further encompasses dietary supplements.

The form of the food composition of the present invention
is not particularly limited, and the composition may take any
form as long as it can be orally ingested.

Examples thereof include a powder, granule, tablet, hard
capsules, soft capsule, liquid (drinks, jelly drinks, and the
like), candy, chocolate, and the like, all of which can be
produced according to a method known per se in the technical
field.

The content of the compound of the present invention in the
food composition is appropriately determined to afford an
appropriate dose within the indicated range.
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The food composition of the present invention can use
other food additives as necessary. Examples of such food
additives include those generally used as components of
health foods such as a fruit juice, dextrin, cyclic oligosaccha-
ride, saccharides (monosaccharides such as fructose, glucose,
and the like, and polysaccharides), acidulant, flavor, pow-
dered green tea, and the like, which are used for controlling
and improving taste, emulsifier, collagen, whole milk pow-
der, polysaccharide thickener, agar, and the like, which are
used for improving texture, and further, vitamins, eggshell
calcium, calcium pantothenate, the other minerals, royal jelly,
propolis, honey, dietary fiber, Agaricus, chitin, chitosan, fla-
vonoids, carotenoids, lutein, traditional Japanese herbal
medicine, chondroitin, various amino acids, and the like.

A production method of the representative compound of
the heteroarylcarboxylic acid ester derivatives represented by
the formula (I), which is the compound of the present inven-
tion, is shown below.

Heteroarylcarboxylic acid ester derivative (H) represented
by the formula (I) wherein X is —OR?, and R is as previously
defined, can be produced as follows.
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wherein E, is a protecting group such as a methyl group, an
ethyl group, a tert-butyl group, a benzyl group, and the like,
E, is similar to R? and R', R? and R” are as previously
defined.

Alkenylene derivative (C) can be synthesized by reacting
aldehyde (A) with Wittig reagent (B) in, for example, a sol-
vent that does not adversely influence the reaction, such as
tetrahydrofuran, N,N-dimethylformamide and the like, in the
presence of, for example, a base such as sodium hydride and
the like. Alkenylene derivative (C) can be converted to alky-
lene derivative (D) by hydrogenation in the presence of a
catalyst, for example, 10% palladium/carbon, palladium
hydroxide/carbon, and the like under a hydrogen atmosphere
in a solvent that does not adversely influence the reaction,
such as ethyl acetate, methanol, tetrahydrofuran, dichlo-
romethane, chloroform and the like.

After converting alkylene derivative (D) into the enolate
with a base such as lithium bis(trimethylsilyl)azanide,
lithium diisopropylamide, and the like in a solvent, for
example tetrahydrofuran, N,N-dimethylformamide, and like,
at low temperature, it can be reacted with R2-Z (wherein Z is
a leaving group such as an iodine atom, a bromine atom and
the like) to can lead to dialkyl derivative (E).

Carboxylic acid derivative (F) can be obtained by depro-
tecting dialkyl derivative (E) by, for example, hydrolysis with
abase such as sodium hydroxide and the like, hydrolysis with
an acid such as hydrochloric acid, trifluoroacetic acid and the
like or treating with, for example, 10% palladium/carbon and
the like under a hydrogen atmosphere.

Heteroarylcarboxylic acid ester derivative (H) can be pro-
duced by esterifying carboxylic acid derivative (F) with ami-
dinophenol derivative (G).

The esterification reaction can be performed by a known
method which is, for example, (1) a method using an acid
halide, (2) a method using a condensation agent and the like.

(1) The method using an acid halide is performed, for
example, by reacting an acid chloride obtained by reaction
with thionyl chloride, oxalyl chloride, and the like in a solvent
that does not adversely influence the reaction, such as dichlo-
romethane, N-methylpyrrolidone, and the like, or without
solvent in the presence or absence of, for example, a catalyst
such as N,N-dimethylformamide and the like, with the alco-
hol in a solvent that does not adversely influence the reaction
such as dichloromethane, tetrahydrofuran, and the like in the
presence of a base such as pyridine and triethylamine.

(2) The method using a condensation agent is performed,
for example, by reacting the carboxylic acid with the alcohol
in, for example, a solvent that does not adversely influence the
reaction such as tetrahydrofuran, N,N-dimethylformamide,
dichloromethane, 1,2-dichloloethane, pyridine, and the like
in, for example, the presence or absence of a base such as
pyridine, triethylamine, and the like, by using a condensation
agent such as 1-ethyl-3-(3'-dimethylaminopropyl)carbodiim-
ide (WSC), 1,3-dicyclohexylcarbodiimide, and the like.
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wherein, each symbol is as previously defined, provided,
however, that X is other than —OR3. 50 o)

Heteroarylcarboxylic acid ester derivative (H) can be con- S
verted to carboxylic acid derivative (i) in the same manner as o E,0
in the afore-mentioned deprotection reaction. \ /

R1

Heteroarylcarboxylic acid ester derivative (I) can be pro- OH ™M)

duced by amidating carboxylic acid derivative (i) with amine base
(I or (K). H—NR®R® or H—NR®R® wherein each symbol is R2
as previously defined, may be instead of amine (J) or (K). The @)
amidation reaction of the carboxylic acid derivative is per-

formed using the corresponding amine instead of an alcohol 60

and in the same manner as in the aforementioned esterifica-

tion reaction. 5

Dialkyl derivative (E) can be also synthesized by reacting BO \ /
alpha-dialkyl carboxylic acid (L) with alkyl halide (M) 65 R R2
(wherein Z is a leaving group such as a chlorine atom, a E)
bromine atom and the like).
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wherein, each symbol is as previously defined.

After converting alpha-dialkyl carboxyric acid (L) into the
enolate with a base such as lithium bis(trimethylsilyl)aza-
nide, lithium diisopropylamide, and the like in a solvent, for
example tetrahydrofuran, N,N-dimethylformamide, and like,
atlow temperature, it can be reacted with alkyl halide (M) and
to lead to dialkyl derivative (E').

Dialkyl derivative (E') can be converted to heteroarylcar-
boxylic acid ester derivative (I) in the same manner as in the
afore-mentioned protection, deprotection, esterification, and
amidation.

Amines (J) or (K) can be obtained according to the follow-
ing Examples or any know methods.

Other features of the invention will become apparent in the
course of the following descriptions of exemplary embodi-
ments which are given for illustration of the invention and are
not intended to be limiting thereof.

EXAMPLES
Example 1

Synthesis of N-[1-{5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-ylmethyl}cyclobutylcarbonyl]-
L-aspartic acid trifluoroacetic acid salt (compound 1)

Step 1. Synthesis of 3-fluoro-4-hydroxylbenzamidine
hydrochloride

To 3-fluoro-4-hydroxybenzonitrile (7.56 g, 55.2 mmol)
were added ethanol (20 mL) and 4N-hydrogen chloride in
1,4-dioxane (100 mL), and the mixture was stirred at room
temperature. After 5 days, the mixture was concentrated and
dried with a vacuum pump. Then, the mixture was dissolved
in ethanol (100 mL), ammonium carbonate (11.0 g, 115
mmol) was added, and the mixture was stirred at room tem-
perature. After 12 hours, the solvent was evaporated, and the
residue was dissolved in water (100 mL). The mixture was
lyophilized to give the title compound (11.2 g, quantitative).

1H-NMR (300 MHz, DMSO-d6) & 11.28 (1H, br s), 9.19
(2H, brs), 9.02 (2H, brs), 7.75 (1H, dd, J=2.4, 12.0 Hz), 7.59
(1H, m), 7.18 (1H, dd, J=8.4, 8.7 Hz).

MS(ESD nmv/z 155(M+H)+

Step 2. Synthesis of 5-formyl-2-thiophencarboxylic
acid tert-butyl ester

To a solution of 5-formyl-2-thiophencarboxylic acid (25 g,
0.16 mol) in tert-butyl alcohol (200 mL.) and dichloromethane
(100 mL) was added di-tert-butyl dicarbonate (41 g, 0.19
mol), N,N-dimethylaminopyridine (2.0 g, 0.016 mol), and
pyridine (5 mL), and the mixture was stirred at room tem-
perature for 24 hours. The reaction mixture was concentrated
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under reduced pressure. The residue was added to ethyl
acetate and 0.5N-hydrochloric acid solution, the organic
layer was separated, and the aqueous layer was extracted two
times with ethyl acetate. The organic layers were combined,
washed with 0.5 N sodium hydroxide solution and brine, and
dried over anhydrous magnesium sulfate. The solvent of the
filtrate after filtration was evaporated under reduced pressure
to give the title compound (32.1 g, 0.15 mol, 94%).

'"H-NMR (400 MHz, CDCl,) 8 9.95 (1H, s), 7.75 (1H, d,
J=4.0 Hz), 7.70 (1H, d, J=4.0 Hz), 1.59 (9H, s).

Step 3. Synthesis of
5-chloromethyl-2-thiophencarboxylic acid tert-butyl
ester

To a solution of 5-formyl-2-thiophencarboxylic acid tert-
butyl ester (5 g, 23.6 mmol) in tetrahydrofuran (50 ml.) and
methanol (5 mL), was added sodium borohydride (0.50 g,
13.0 mmol) at 0° C., and the mixture was stirred for 2 hours at
room temperature. The reaction mixture was partitioned
between ethyl acetate and 0.5N-hydrochloric acid solution.
The aqueous layer was extracted with ethyl acetate, and the
combined organic layers were washed with brine and dried
over anhydrous magnesium sulfate. The solvent was removed
under reduced pressure, and the obtained residue was dis-
solved in dichloromethane (100 mL), methanesulfonyl chlo-
ride (1.9 ml, 24 mmol) and diisopropylethylamine (5.7 ml, 33
mmol) were added at 0° C., and the mixture was stirred at
room temperature overnight. The solvent was evaporated
under reduced pressure, 0.5N-hydrochloric acid solution was
added to the residue, and the mixture was extracted with ethyl
acetate. The extract was washed with brine, dried over anhy-
drous magnesium sulfate, and concentrated under reduced
pressure. The obtained residue was purified by silica gel
column chromatography to give the title compound (5.3 g, 23
mmol).

'HNMR (400 MHz, CDCl,) 8 7.56 (1H, d, J=3.8 Hz), 7.03
(1H, d, I=3.8 Hz), 4.75 2H, s), 1.57 (9H, s).

Step 4. Synthesis of 1-{5-(tert-butoxycarbonyl)
thiophen-2-ylmethyl}cyclobutylcarboxylic acid

To a solution of diisopropylamine (905 uL., 6.44 mmol) in
tetrahydrofuran (0.5 mL.), was added n-butyllithium (3.9 mL,,
1.65 M in hexane) at —=78° C. After stirring at 0° C. for 25
minutes, a mixture was cooled to -78° C. Cyclobutylcarboxy-
lic acid (372 pL, 3.58 mmol) was added to the reaction mix-
ture, and stirred at room temperature for 15 minutes. After
cooled to -78° C., 5-chloromethyl-2-thiophencarboxylic
acid tert-butyl ester obtained in step 3 (333 mg, 1.43 mmol) in
tetrahydrofuran (0.5 mL) was added to the reaction mixture.
After stirred at room temperature for 2 hours, the reaction
mixture was partitioned between ethyl acetate and 1N-hydro-
chloric acid solution. The aqueous layer was extracted with
ethyl acetate, and the combined organic layers were washed
with brine and dried over anhydrous magnesium sulfate. The
solvent was removed under reduced pressure, and the
obtained residue was purified by high performance liquid
chromatography (water-acetonitrile, each containing 0.1%
trifluoroacetic acid) to give the title compound (60 mg, 0.201
mmol, 14%).

1H-NMR (400 MHz, CDCl,) d 7.53 (1H, d, J=3.7 Hz),
6.79 (1H, d, J=3.7 Hz), 3.30 (2H, s), 2.63-2.47 (2H, m),
2.18-2.05 (2H, m), 2.05-1.88 (2H, m), 1.53 (9H, s).

MS(EST) m/z 297 (M+H)+
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Step 5. Synthesis of N-{1-(5-carboxylthiophen-2-
ylmethyl)cyclobutylcarbonyl }-L-aspartic acid dim-
ethyl ester

3-{5-(tert-butylcarboxyl)thiophen-2-y1 }-2-cyclobutylpro-
panoic acid (50 mg, 0.169 mmol) was solved in sulfonyl
chloride (0.5 mL), and stirred at 60° C. for 30 minutes. After
the solvent was removed under reduced pressure, to a solution
of'the product obtained in step 4 in dichloromethane (0.3 m[)
was added L-aspartic acid dimethyl ester (50 mg, 0.253
mmol), and pyridine (0.3 mL). After the reaction mixture was
stirred at room temperature for 1 hour, WSC hydrochloride
(60 mg, 0.338=1) was added and stirred at room temperature
for 3 hours. After the solvent was removed under reduced
pressure, the residue was resolved in trifluoroacetic acid (0.5
mL). After the solution was stirred at room temperature for 1
hour, the reaction mixture was concentrated under reduced
pressure. The obtained residue was purified by high perfor-
mance liquid chromatography (water-acetonitrile, each con-
taining 0.1% trifluoroacetic acid) to give the title compound
(32 mg, 0.093 mmol, 55%).

1H-NMR (400 MHz, DMSO-d6) 8 8.18 (1H, d,J=7.9 Hz),
7.52(1H,d,J=3.7Hz), 6.85 (1H, d,]=3.7 Hz), 4.72-4.53 (1H,
m), 3.61 (3H, s), 3.60 (3H, s), 3.28 (2H, s), 2.84 (1H, dd,
J=16.2,6.2Hz),2.66 (1H, dd, J=16.2,7.9 Hz), 2.39-2.20 (2H,
m), 2.01-1.78 (3H, m), 1.77-1.63 (1H, m).

MS(ESD) m/z 384 (M+H)+

Step 6. Synthesis of N-[1-{5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-
ylmethyl}cyclobutylcarbonyl]-L-aspartic acid trif-
luoroacetic acid salt (compound 1)

To a solution of N-{3-(5-carboxylthiophen-2-yl)-2-cy-
clobutylpropanoyl}-L-aspartic acid dimethyl ester (30 mg,
0.087 mmol) in pyridine (1.0 mL), was added 3-fluoro-4-
hydroxylbenzamidine hydrochloride (25 mg, 0.131 mmol)
and WSC hydrochloride (34 mg, 0.175 mmol), and the mix-
ture was stirred at room temperature overnight. After the
solvent was removed under reduced pressure, the obtained
residue was dissolved in 4N-hydrogen chloride in 1,4-diox-
ane (0.6 mL) and water (0.2 mL). After the reaction mixture
was stirred at 60° C. for 9 hours, the reaction mixture was
concentrated under reduced pressure. The obtained residue
was purified by high performance liquid chromatography
(water-acetonitrile, each containing 0.1% trifluoroacetic
acid) to give the title compound (18 mg, 0.030 mmol, 34%).

1H-NMR (400 MHz, DMSO-d6) 8 9.42 (2H, br s), 9.09
(2H, br s), 8.07 (1H, d, J=8.0 Hz), 7.99-7.83 (2H, m), 7.92-
7.82 (1H, m), 7.79-7.69 (2H, m), 7.06 (1H, d, J=3.9 Hz), 4.56
(1H, dd, J=13.9, 7.6 Hz), 3.48 (2H, s), 2.74 (1H, dd, =16 4,
6.0Hz),2.64-2.49 (1H, m), 2.40-2.25 (2H, m), 2.05-1.83 (3H,
m), 1.80-1.69 (1H, m).

MS(ESD m/z 492 (M+H)+

Example 2

Synthesis of N-{1-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-ylmethyl]cyclopentylcarbonyl} -
L-aspartic acid trifluoroacetic acid salt (compound 2)

The compound 2 was synthesized by an operation in the
same manner as in the above-mentioned Example 1.

1H-NMR (400 MHz, DMSO-d6) 8 9.36 (2H, br s), 9.08
(2H, br s), 7.97 (1H, d, J=7.9 Hz), 7.89-7.80 (2H, m), 7.72-
7.63 (2H,m),7.00 (1H, d,J=3.9Hz), 4.49 (2H, dt, J=12.9,6.4
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Hz), 3.17 (2H, s), 2.69 (1H, dd, I=16.4, 6.0 Hz), 2.57-2.45
(2H, m), 2.02-1.81 (2H, m), 1.63-1.37 (6H, m).
MS(ESIT) m/z 506 (M+H)+

Example 3

Synthesis of N-{3-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-y1]-2,2-dimethylpropionyl}-L-
valine hydrochloride (compound 9)

Step 1. Synthesis of 2-(diethylphosphono)propanoic
acid methyl ester

Methyl 2-bromopropionate (100 g, 0.60 mol) and trieth-
ylphosphite (109 g, 0.66 mol) were mixed, and the mixture
was stirred at 110° C. for 2 days. The reaction mixture was
dried under reduced pressure to give the title compound.

Step 2. Synthesis of 5-[(1E)-2-(methoxycarbonyl)-
prop-1-en-1-yl|thiophene-2-carboxylic acid tert-
butyl ester

2-(Diethylphosphono)propanoic acid methyl ester (23.0 g,
0.103 mol) was dissolved in tetrahydrofuran (150 mL.), 60%
sodium hydride (2.4 g, 0.06 mol) was added at 0° C., and the
mixture was stirred for 30 minutes. To the reaction mixture
was added a solution of 5-formyl-2-thiophenecarboxylic acid
tert-butyl ester obtained in Example 1, step 2 (11.0 g, 0.052
mol) in tetrahydrofuran (10 mL), and the mixture was stirred
at room temperature overnight. The solvent was evaporated,
and the residue was partitioned between ethyl acetate and
1N-hydrochloric acid solution, and washed successively with
water and brine. After drying over anhydrous magnesium
sulfate, the residue was purified by silica gel column chroma-
tography to give the title compound (13.1 g, 0.047 mol, 90%).

'H-NMR (400 MHz, CDCl,) 8 7.89 (1H, s), 7.68 (1H, d,
J=4.0Hz), 7.19 (1H, d, J=4.0 Hz), 3.82 (3H, s), 2.24 (3H, s),
1.59 (9H, s).

Step 3. Synthesis of
5-(2-methoxycarbonylpropyl)thiophene-2-carboxylic
acid tert-butyl ester

5-[(1E)-2-(methoxycarbonyl)-prop-1-en-1-yl|thiophene-
2-carboxylic acid tert-butyl ester (13.77 g, 0.049 mol) was
dissolved in ethyl acetate (60 mL), methanol (20 mL), and
chloroform (10 mL), palladium hydroxide (2.8 g) was added,
and the mixture was stirred at room temperature overnight
under a hydrogen atmosphere. After completion of the reac-
tion, palladium hydroxide was removed by celite filtration,
and the solvent was evaporated under reduced pressure to give
the title compound (13.14 g, 0.046 mol, 94%).

'"H-NMR (400 MHz, CDCl,) 8 7.53 (1H, d, J=4.0 Hz), 6.77
(1H,d,J=4.0Hz),3.67 (3H, s),3.18 (1H, dd, J=14.4,7.2 Hz),
2.91(1H,dd, J=14.4,7.2Hz),2.77 (1H, m), 1.56 (9H, 5), 1.21
(3H, d, I=7.2 Hz).

Step 4. Synthesis of 5-(2-methyl-2-methoxycarbon-
ylpropyl)thiophene-2-carboxylic acid tert-butyl ester

5-(2-Methoxycarbonylpropyl)thiophene-2-carboxylic
acid tert-butyl ester (13.14 g, 46.3 mmol) was dissolved in
tetrahydrofuran (250 mL), 1.09 M lithium bis(trimethylsilyl)
azanide/tetrahydrofuran solution (65 mL, 70.9 mmol) was
added dropwise at —78° C., and the mixture was stirred for 2
hours. To the reaction mixture was added methyl iodide (11.7
g, 82.4 mmol) at -78° C., and the mixture was stirred at room
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temperature overnight. The reaction mixture was concen-
trated under reduced pressure. The residue was added to ethyl
acetate and 0.5N-hydrochloric acid solution, the organic
layer was separated, and the aqueous layer was extracted two
times with ethyl acetate. The organic layers were combined,
washed with sodium thiosulfate solution and brine, and dried
over anhydrous magnesium sulfate. The solvent of the filtrate
after filtration was evaporated under reduced pressure. The
obtained residue was purified by silica gel column chroma-
tography to give the title compound (12.36 g, 41.4 mmol,
89%).

'H-NMR (400 MHz, CDCl,) 8 7.53 (1H, d, J=3.6 Hz), 6.73
(1H,d,J=3.6 Hz),3.71 (3H, s), 3.05 (2H, 5), 1.56 (9H, 5), 1.23
(6H, s).

Step 5. Synthesis of 3-[ 5-(4-amidino-2-fluorophe-
noxycarbonyl)thiophen-2-y1]-2,2-dimethylpropanoic
acid trifluoroacetic acid salt

To 5-(2-Methyl-2-methoxycarbonylpropyl)thiophene-2-
carboxylic acid tert-butyl ester (5.0 g, 16.8 mmol) was added
trifluoroacetic acid (20 mL), and the mixture was stirred at
room temperature for 30 minutes. The solvent was evapo-
rated, and the residue was dissolved in pyridine (30 mL),
3-fluoro-4-hydroxybenzamidine hydrochloride (3.2 g, 16.8
mmol) and WSC hydrochloride (3.8 g, 19.8 mmol) were
added, and the mixture was stirred at 50° C. for 5 hours. The
reaction mixture was concentrated under reduced pressure,
4N-hydrochloric acid solution (10 ml) and 4N-Hydrogen
chloride in 1,4-Dioxane (10 mL) were added to the obtained
residue, and the mixture was stirred at 80° C. for 2 hours. The
reaction mixture was concentrated under reduced pressure,
and the obtained residue was purified by high performance
liquid chromatography (water-acetonitrile, each containing
0.1% trifluoroacetic acid) to give the title compound (2.8 g,
5.86 mmol, 35%).

'H-NMR (400 MHz, DMSO-d6) & 9.41 (2H, br s), 9.10
(2H, br s), 7.96 (1H, d, J=4.0 Hz), 7.93 (1H, d, J=8.1 Hz),
7.80-7.70 (2H, m), 7.09 (1H, d, J=4.0 Hz), 3.14 (2H, s), 1.16
(6H, s).

MS(ESD mv/z 365(M+H)+

Step 6. Synthesis of N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-yl]-2,2-dimethylpro-
pionyl}-L-valine hydrochloride (compound 9)

3-[5-(4- Amidino-2-fluorophenoxycarbonyl)thiophen-2-
yl]-2,2-dimethylpropanoic acid trifluoroacetic acid salt
obtained in step 5 (53 mg, 0.10 mmol) was dissolved in
thionyl chloride (3 mL), and the mixture was stirred at room
temperature for 3 hours. Thionyl chloride was evaporated
under reduced pressure to give the acid chloride. The obtained
acid chloride was dissolved in dichloromethane (3 mL), L.-va-
line tert-butyl ester hydrochloride (25 mg, 0.12 mmol) and
pyridine (0.1 mL) were added thereto, and the mixture was
stirred at room temperature overnight. After evaporation of
the solvent, trifluoroacetic acid (2 mL) was added, and the
mixture was stirred at room temperature 1 hour. The mixture
was concentrated under reduced pressure. The obtained resi-
due was purified by high performance liquid chromatography
(water-acetonitrile, each containing 0.1% trifluoroacetic
acid) to give the trifluoroacetic acid salt of the title compound.

To the obtained trifluoroacetic acid salt was added 0.05N-
hydrochloric acid solution (10 mL), and the mixture was
lyophilized to give the title compound (40 mg, 0.80 mmol,
80%).
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'H-.NMR (400 MHz, DMSO-d6) 8 9.41 (2H, br s), 9.10
(2H, br s), 8.00-7.89 (2H, m), 7.80-7.70 (2H, m), 7.57 (1, d,
J=7.2Hz),7.08 (1H, 5). 4.13 (1H, m), 3.21 (11, d, I=16.0 Hz),
3.15 (1H, d, J=16.0 Hz), 2.15-2.05 (1H, m), 1.76-1.50 (4H,
m), 0.90 (3H, d, ]=6.8 Hz), 0.86-0.75 (6, m).
MS(EST) m/z 464 (M+H)+

Example 4

Synthesis of N-{3-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-y1]-2,2-dimethylpropionyl }-N-
propylglycine hydrochloride (compound 10)

Step 1. Synthesis of N-allylglycine benzyl ester
hydrochloride

To a solution of allylamine hydrochloride (5.0 g, 53.4
mmol) in tetrahydrofuran (100 mL) was added diisopropyl-
ethylamine (10 mL) and bromoacetic acid benzy] ester (3.06
g, 13.3 mmol) at 0° C. and the mixture was stirred at room
temperature overnight. The reaction mixture was concen-
trated under reduced pressure. The residue was added ethyl
acetate and 1 N-hydrochloric acid solution, the organic layer
was separated, and the aqueous layer was extracted two times
with ethyl acetate. The organic layers were combined,
washed with sodium thiosulfate solution and brine, and dried
over anhydrous magnesium sulfate and concentrated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography, and to the obtained oil was
added 4N-Hydrogen chloride in 1,4-Dioxane (3.5 mL). The
mixture was concentrated under reduced pressure and lyo-
philized to give the title compound (2.12 g, 8.79 mmol, 66%).

'H-NMR (400 MHz, CDCL,) & 7.40-7.35 (5H, m), 6.12-
6.02 (1M, m), 5.49-5.43 (2, m), 5.22 (2H, s), 3.82 (211, 5),
3.78 (21, d, J=7.2 Hz).

MS(ESI) m/z 206(M+H)+

Step 2. Synthesis of N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-yl]-2,2-dimethylpro-
pionyl}-N-allylglycine benzyl ester trifluoroacetic
acid salt

3-[5-(4-Amidino-2-fluorophenoxycarbonyl)thiophen-2-
y1]-2,2-dimethylpropanoic acid trifluoroacetic acid salt (100
mg, 0.20 mmol) obtained in Example 3, step 5 was dissolved
in thionyl chloride (3 mL.), and the mixture was stirred at 60°
C. for 20 minutes. Thionyl chloride was evaporated under
reduced pressure to give the acid chloride. The obtained acid
chloride was dissolved in dichloromethane (5 mL), N-allylg-
lycine benzyl ester hydrochloride obtained in step 1 (51 mg,
0.21 mmol) and pyridine (0.1 mL) were added thereto, and
the mixture was stirred at room temperature overnight. The
mixture was concentrated under reduced pressure. The
obtained residue was purified by high performance liquid
chromatography (water-acetonitrile, each containing 0.1%
trifluoroacetic acid) to give the title compound. (37 mg, 0.056
mmol, 28%).

'H-NMR (400 MHz, DMSO-d6) & 9.40 (2H, br s), 9.05
(2H, brs),7.90(2H, m), 7.72 (2H, m), 7.38-7.28 (SH,m), 7.11
(1H,d,J=4.0Hz), 5.86-5.73 (1H, m), 5.25-5.15 (2H, m), 5.12
(2H, s), 4.28-4.18 (2H, m), 4.01-4.91 (2H, m), 3.19 (2H, s),
1.23 (6H, s).

MS(EST) m/z 552 (M+H)+
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Step 3. Synthesis of N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-yl]-2,2-dimethylpro-
pionyl}-N-propylglycine hydrochloride (compound
10)

N-{3-[5-(4-Amidino-2-flucrophenoxycarbonyl)thiophen-
2-y1]-2,2-dimethylpropionyl}-N-allylglycine benzyl ester
trifluoroacetic acid salt (1.94 g, 2.91 mmol) was dissolved in
ethanol (40 mL) and water (10 mL)), palladium hydroxide (0.4
g) was added, and the mixture was stirred at room temperature
for 6 hours under a hydrogen atmosphere. The reaction mix-
ture was filtered through celite, and the filtrate was concen-
trated under reduced pressure. To the obtained residue was
added 0.01N-hydrochloric acid solution (250 mL), and the
mixture was lyophilized to give the title compound (1.19 g,
2.02 mmol, 70%).

'H-NMR (400 MHz, DMSO-d6) § 9.41 (2H, br s), 9.05
(2H, brs),7.93 (2H, m), 7.74 (2H, m), 7.11 (1H, d, J=3.6 Hz),
3.75-3.65 (2H, m), 3.18 (2H, s), 1.58-1.48 (2H, m), 1.25 (6H,
brs), 0.84 (3H, m).

MS(ESD m/z 464 (M+H)+

Example 5

Synthesis of 3-[5-(4-amidino-2-fluorophenoxycarbo-
nyD)thiophen-2-yl1]-2,2-diethylpropanoic acid trifluo-
roacetic acid salt (compound 18)

Step 1. Synthesis of 2-(diethylphosphono)butyric
acid methyl ester

Methyl 2-bromobutanoate (92 g, 0.508 mol) and trieth-
ylphosphite (95 g, 0.57 mol) were mixed, and the mixture was
stirred at 110° C. for 3 days. The reaction mixture was dried
under reduced pressure to give the title compound.

'H-NMR (400 MHz, CDCl,) & 4.20-4.05 (4H, m), 3.76
(3H, s), 2.88 (1H, ddd, J=22.4, 10.4, 4.0 Hz), 2.18-1.98 (2H,
m), 1.35-1.30 (6H, m), 1.19 (3H, t, J=8.0 Hz).

Step 2. Synthesis of 5-[(1E)-2-(methoxycarbonyl)-
but-1-en-1-yl|thiophene-2-carboxylic acid tert-butyl
ester

2-(Diethylphosphono)butyric acid methyl ester (46 g,
0.193 mol) was dissolved in tetrahydrofuran (300 mL.), 60%
sodium hydride (6.6 g, 0.165 mol) was added at 0° C., and the
mixture was stirred for 30 minutes. To the reaction mixture
was added a solution of 5-formyl-2-thiophenecarboxylic acid
tert-butyl ester obtained in Example 1, step 2 (32.1 g, 0.15
mol) in tetrahydrofuran (10 mL), and the mixture was stirred
at room temperature for 2 hours. The solvent was evaporated,
and the residue was partitioned between ethyl acetate and
1N-hydrochloric acid solution, and washed successively with
water and brine. After drying over anhydrous magnesium
sulfate, the residue was purified by silica gel column chroma-
tography to give the title compound (35.6 g, 0.12 mol, 80%).

'H-NMR (400 MHz, CDCl,) 8 7.71 (1H, s), 7.65 (1H, d,
J=4.0 Hz), 7.17 (1H, d, J=4.0 Hz), 3.82 (3H, s), 2.73 (2H, q,
J=7.6 Hz), 1.56 (9H, s), 1.18 (3H, t, J=7.6 Hz).

Step 3. Synthesis of (E)-3-(5-tert-butoxycarbonylth-
iophen-2-yl)-2-ethylpropenoic acid

5-[(1E)-2-(Methoxycarbonyl)-but-1-en-1-yl|thiophene-2-
carboxylic acid tert-butyl ester (34.6 g, 120 mol) was dis-
solved in tetrahydrofuran (150 mL), and methanol (60 mL), 1
N lithium hydroxide solution (144 ml, 144 mmol) was
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added, and the mixture was stirred at room temperature for 2
days. The mixture was concentrated under reduced pressure.
0.5 N-Hydrochloric acid solution and ethyl acetate were
added to the obtained residue, the organic layer was sepa-
rated, and the aqueous layer was extracted three times with
ethyl acetate. The organic layers were combined, washed
with brine, and dried over anhydrous magnesium sulfate.
After filtration, the solvent of the filtrate was evaporated
under reduced pressure to give the title compound (32.2 g,
114 mmol, 95%).

'"H-NMR (400 MHz, CDCl,) & 7.82 (1H, s), 7.66 (1H, d,
J=4.0 Hz), 7.21 (1H, d, J=4.0 Hz), 2.74 (2H, q, J=7.6 Hz),
1.59 (9H, s), 1.21 (3H, t, J=7.6 Hz).

Step 4. Synthesis of 2-((5-tert-butoxycarbonylth-
iophen-2-yl)methyl)butanoic acid

(E)-3-(5-tert-butoxycarbonylthiophen-2-y1)-2-ethylpro-
penoic acid (20.43 g, 72.4 mmol) was dissolved in ethyl
acetate (300 mL), methanol (20 mL) and chloroform (10 mL),
palladium hydroxide (2.0 g) was added, and the mixture was
stirred at room temperature overnight under a hydrogen atmo-
sphere. After completion of the reaction, palladium hydrox-
ide was removed by celite filtration, and the solvent was
evaporated under reduced pressure to give the title compound
(20.6 g, quantitative).

Step 5. Synthesis of
5-(2-benzyloxycarbonylbutyl)thiophene-2-carboxylic
acid tert-butyl ester

2-(5-tert-Butoxycarbonylthiophen-2-yl)methyl-butanoic
acid (20.6 g, 72.2 mmol) was dissolved in N,N-dimethylfor-
mamide (100 mL), potassium carbonate (10.4 g, 75.3 mmol)
and benzyl bromide (13.0 g, 76.0 mmol) were added, and the
mixture was stirred at room temperature overnight. The reac-
tion mixture was filtered through celite, and the filtrate was
concentrated under reduced pressure. 0.5 N-Hydrochloric
acid solution and ethyl acetate were added to the obtained
residue, the organic layer was separated, and the aqueous
layer was extracted three times with ethyl acetate. The
organic layers were combined, washed with brine, and dried
over anhydrous magnesium sulfate. After filtration, the sol-
vent of the filtrate was evaporated under reduced pressure.
The obtained residue was purified by silica gel column chro-
matography to give the title compound (27.0 g, 72.1 mmol,
96%).

'"H-NMR (400 MHz, CDCl,) 8 7.49 (1H, d, J=3.6 Hz),
7.35-7.25(5H,m), 6.71 (1H,d,J=3.6 Hz),5.11 (1H,d,J=12.4
Hz), 5.07 (1H, d, J=12.4 Hz), 3.16 (1H, dd, J=14.8, 8.8 Hz),
2.96 (1H, dd, J=14.8, 6.0 Hz), 2.72 (1H, m), 1.73-1.60 (2H,
m), 1.56 (9H, s), 0.92 (3H, t, J=7.6 Hz).

Step 6. Synthesis of 5-(2-benzyloxycarbonyl-2-ethyl-
butyl)thiophene-2-carboxylic acid tert-butyl ester

5-(2-Benzyloxycarbonylbutyl)thiophene-2-carboxylic
acid tert-butyl ester (29.5 g, 78.8 mmol) was dissolved in
tetrahydrofuran (200 mL), 1.09 M lithium bis(trimethylsilyl)
azanide/tetrahydrofuran solution (94 ml, 102 mmol) was
added dropwise at —78° C., and the mixture was stirred for 2
hours. To the reaction mixture was added ethyl iodide (12.3 g,
156 mmol) at -78° C., and the mixture was stirred at room
temperature overnight. The reaction mixture was concen-
trated under reduced pressure. The residue was added to ethyl
acetate and 0.5 N-hydrochloric acid solution, the organic
layer was separated, and the aqueous layer was extracted two
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times with ethyl acetate. The organic layers were combined,
washed with sodium thiosulfate solution and brine, and dried
over anhydrous magnesium sulfate, and concentrated under
reduced pressure. The obtained residue was purified by silica
gel column chromatography to give the title compound (24.9
g, 61.9 mmol, 78%).

'H-NMR (400 MHz, CDCls) 8 7.49 (1H, d, J=4.0 Hz),
7.40-7.30 (5H, m), 6.67 (1H, d, J=4.0 Hz), 5.15 (2H, s), 3.11
(2H, s), 1.70-1.59 (4H, m), 1.56 (9H, s), 0.85 (6H, t, J=7.6
Hz).

Step 7. Synthesis of 5-(2-benzyloxycarbonyl-2-ethyl-
butyl)thiophene-2-carboxylic acid

To 5-(2-benzyloxycarbonyl-2-ethylbutyl)thiophene-2-car-
boxylic acid tert-butyl ester (24.9 g, 61.9 mmol) was added
trifluoroacetic acid (20 mL), and the mixture was stirred at
room temperature for 2 hours. The solvent was evaporated to
give the title compound (quantitative).

Step 8. Synthesis of 3-[ 5-(4-amidino-2-fluorophe-
noxycarbonyl)thiophen-2-yl]-2,2-diethylpropanoic
acid benzyl ester trifluoroacetic acid salt

5-(2-Benzyloxycarbonyl-2-ethyl-butyl)thiophene-2-car-
boxylic acid (5.0 g, 14.4 mmol) was dissolved in N-meth-
ylpyrrolidone (5 mL), and dichloromethane (5 mL), thionyl-
chloride (1.27 mL,, 17.6 mmol) was added at 0° C., and the
mixture was stirred for 15 minutes at 0° C. 3-fluoro-4-hy-
droxybenzamidine hydrochloride (2.7 g, 14.2 mmol) and
pyridine (7 mL) were added to the reaction mixture, and the
mixture was stirred for 2 hours at room temperature. The
reaction mixture was concentrated under reduced pressure,
and the obtained residue was purified by high performance
liquid chromatography (water-acetonitrile, each containing
0.1% trifluoroacetic acid) to give the title compound (4.3 g,
7.21 mmol, 51%).

MS(ESD) m/z 483(M+H)+

Step 9. Synthesis of 3-[ 5-(4-amidino-2-fluorophe-
noxycarbonyl)thiophen-2-yl]-2,2-diethylpropanoic
acid trifluoroacetic acid salt (compound 18)

3-[5-(4- Amidino-2-fluorophenoxycarbonyl)thiophen-2-
yl]-2,2-diethylpropanoic acid benzyl ester trifluoroacetic
acid salt (4.3 g, 7.21 mmol) was dissolved in 2-propanol (160
ml) and water (40 mL), palladium hydroxide (0.9 g) was
added, and the mixture was stirred at room temperature over-
night under a hydrogen atmosphere. The reaction mixture
was filtered through celite, and the filtrate was concentrated
under reduced pressure. Water and acetonitrile was added to
the residue, the mixture was lyophilized to give the title
compound (3.61 g, 7.12 mmol, 99%).

'H-NMR (400 MHz, DMSO-d6) § 9.42 (2H, br s), 9.24
(2H, brs), 7.97 (1H, d, J=4.0 Hz), 7.94 (1H, d, J=10.4 Hz),
7.80-7.70 (2H, m), 7.10 (1H, d, J=4.0 Hz), 3.15 (2H, s),
1.60-1.40 (4H, m), 0.85 (6H, t, I=7.6 Hz).

MS(ESD m/z 393(M+H)+

Example 6
Synthesis of N-{3-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-y1]-2,2-diethylpropionyl}-L-

serine hydrochloride (compound 11)

3-[5-(4- Amidino-2-fluorophenoxycarbonyl)thiophen-2-
yl]-2,2-diethylpropanoic acid trifluoroacetic acid salt (com-
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pound 18) (616 mg, 1.2 mmol) was dissolved in thionyl
chloride (6 mL), and the mixture was stirred at 60° C. for 20
minutes. Thionyl chloride was evaporated under reduced
pressure to give the acid chloride. The obtained acid chloride
was dissolved in dichloromethane (20 mL), O-tert-butyl-L-
serine tert-butyl ester hydrochloride (334 mg, 1.32 mmol) and
pyridine (0.5 mL) were added thereto, and the mixture was
stirred at room temperature overnight. After evaporation of
the solvent, trifluoroacetic acid (5 mL) was added, and the
mixture was stirred at room temperature for 30 minutes. The
mixture was concentrated under reduced pressure. The
obtained residue was purified by high performance liquid
chromatography (water-acetonitrile, each containing 0.1%
trifluoroacetic acid) to give the trifluoroacetic acid salt of the
title compound.

To the obtained trifluoroacetic acid salt was added 0.05
N-hydrochloric acid solution (30 mL), and the mixture was
lyophilized to give the title compound (513 mg, 0.99 mmol,
83%).

lH)-NMR (400 MHz, DMSO-d6) & 9.41 (2H, br s), 9.10
(2H, brs), 7.95-7.90 (2H, m), 7.78-7.72 (2H, m), 7.63 (1H, d,
J=7.6 Hz), 7.10 (1H, d, J=4.0 Hz), 4.34 (1H, m), 3.75-3.64
(1H, m), 3.64-3.56 (1H, m), 3.16 (2H, 5), 1.62-1.46 (4H, m),
0.88-0.78 (6H, m).

MS(EST) m/z 480 (M+H)+

Example 7

Synthesis of N-{3-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-yl]-2,2-diethylpropionyl } -sar-
cosine hydrochloride (compound 21)

Step 1. Synthesis of N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-yl]-2,2-diethylpro-
pionyl}-sarcosine benzyl ester trifluoroacetic acid
salt

3-[5-(4-Amidino-2-fluorophenoxycarbonyl)thiophen-2-

yl]-2,2-diethylpropanoic acid trifluoroacetic acid salt (com-
pound 18) (100 mg, 0.20 mmol) was dissolved in thionyl
chloride (2 mL.), and the mixture was stirred at room tempera-
ture for 30 minutes. Thionyl chloride was evaporated under
reduced pressure to give the acid chloride. The obtained acid
chloride was dissolved in 1,2-dichloroethane (5 mL.), sar-
cosine benzyl ester hydrochloride (47 mg, 0.22 mmol) and
pyridine (0.2 mL) were added thereto, and the mixture was
stirred at 60° C. for 5 hours. The mixture was concentrated
under reduced pressure. The obtained residue was purified by
high performance liquid chromatography (water-acetonitrile,
each containing 0.1% trifluoroacetic acid) to give the title
compound (83 mg, 0.12 mmol, 62%).

Step 2. Synthesis of N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)thiophen-2-yl]-2,2-diethylpro-
pionyl}-sarcosine hydrochloride (compound 21)

N-{3-[5-(4-amidino-2-fluorophenoxycarbonyl)thiophen-
2-yl]-2,2-diethylpropionyl}-sarcosine benzyl ester trifluoro-
acetic acid salt (83 mg, 0.12 mmol) was dissolved in 2-pro-
panol (5 mL) and water (5 mL), palladium hydroxide (50 mg)
was added, and the mixture was stirred at room temperature
for 2 hours under a hydrogen atmosphere. The mixture was
concentrated under reduced pressure. The obtained residue
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was purified by high performance liquid chromatography
(water-acetonitrile, each containing 0.1% trifluoroacetic
acid) to give the trifluoroacetic acid salt of the title compound.
To the obtained trifluoroacetic acid salt were added 0.01N-
hydrochloric acid solution (30 mL), and the mixture was
lyophilized to give the title compound (32 mg, 0.064 mmol,
53%).

1H-NMR (400 MHz, DMSO-d6) 8 9.35 (2H, br s), 9.22
(2H, brs), 7.90-7.85 (2H, m), 7.70-7.65 (2H, m), 7.06 (1H, d,
J=3.6 Hz), 3.92 (2H, m), 3.15 (3H, s), 3.12 (2H, br s), 1.70-
1.60 (2H, m), 1.60-1.50 (2H, m), 0.76 (6H, t, J=7.2 Hz).

MS(ESD m/z 464 (M+H)+

Example 8

Synthesis of N-allyl-N-{3-[5-(4-amidino-2-fluo-
rophenoxycarbonyl)-thiophen-2-yl]-2,2-
dimethylpropionyl }taurine (compound 23)

Step 1. Synthesis of N-allyltaurine isopropyl ester

2-Chloroethylsulfonyl chloride (2 g, 12.3 mmol) was is
dissolved in 2-propanol (20 mL), pyridine (2.7 mL) was
added, and the mixture was stirred at room temperature for 3
hours. Allylamine hydrochloride (1.15 g, 12.3 mmol) and
diisopropylethylamine (6.4 ml.) was added, and stirred at
room temperature for 3 hours. The reaction mixture was
evaporated under reduced pressure, 5% sodium bicarbonate
solution was added to the residue, and the mixture was
extracted with ethyl acetate. The extract was washed with
brine, dried over anhydrous magnesium sulfate and concen-
trated under reduced pressure. The obtained residue was puri-
fied by silica gel column chromatography to give the title
compound (0.5 g, 2.4 mmol, 20%).

'H-NMR (400 MHz, CDCl,) § 6.55 (1H, dd, J=10.0, 16.8
Hz), 6.39 (1H, d, I=16.8 Hz), 6.07 (1H, d, J=10.0 Hz), 4.81
(1H, sep, I=6.3 Hz), 1.40 (6H, d, J=6.3 Hz).

MS(ESD) m/z 208 (M+H)+

Step 2. Synthesis of N-allyl-N-{3-[5-(4-amidino-2-
fluorophenoxycarbonyl)thiophen-2-yl1]-2,2-
dimethylpropionyl }taurine (compound 23)

3-[5-(4- Amidino-2-fluorophenoxycarbonyl)thiophen-2-
y1]-2,2-dimethylpropanoic acid trifluoroacetic acid salt (200
mg, 0.40 mmol) obtained in Example 3, step 5 was dissolved
in thionyl chloride (4 mL), and the mixture was stirred at
room temperature for 30 minutes. Thionyl chloride was
evaporated under reduced pressure to give the acid chloride.
The obtained acid chloride was dissolved in 1,2-dichloroet-
hane (10 mL), N-allyltaurine isopropyl ester obtained in step
1 (88 mg, 0.43 mmol) and pyridine (0.4 mL) were added
thereto, and the mixture was stirred at 50° C. overnight. The
mixture was concentrated under reduced pressure. The
obtained residue was purified by high performance liquid
chromatography (water-acetonitrile, each containing 0.1%
trifluoroacetic acid) to give the isopropyl ester of the title
compound. The obtained solid was dissolved in 0.01 N aque-
ous hydrochloric acid (20 mL) solution and stirred at room
temperature for 5 hours, and the precipitated solid was col-
lected by filtration. The solid was washed with water and
dried to give the title compound (47 mg, 0.092 mmol, 23%).
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1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H, br s), 9.02
(2H, brs), 7.95-7.88 (2H, m), 7.81-7.70 (2H, m), 7.10 (1, d,
J=3.6 Hz), 5.76 (1H, m), 5.20-5.05 (2H, m), 4.15-3.85 (2M,
m), 3.70-3.45 (2H, m), 3.21 (2H, s), 2.67 (2H, m), 1.26 (6H,
s).
MS(EST) m/z 512 (M+H)+

Example 9

Synthesis of N-{3-[5-(4-amidino-2-fluorophenoxy-
carbonyl)thiophen-2-y1]-2,2-diethylpropionyl}-beta-
homoisoleucine hydrochloride (compound 49)

The compound 18 (76 mg, 0.15 mmol) was dissolved in
thionyl chloride (1.5 mL), and the mixture was stirred at room
temperature for 30 minutes. Thionyl chloride was evaporated
under reduced pressure to give the acid chloride. The obtained
acid chloride was dissolved in dichloromethane (1.5 mL),
beta-homoisoleucine methyl ester hydrochloride (44 mg,
0.225 mmol) and pyridine (0.2 mL.) were added thereto, and
the mixture was stirred at room temperature overnight. After
evaporation of the solvent, trifluoroacetic acid (5 mL) was
added, and the mixture was stirred at 60° C. for 1 hour. The
mixture was concentrated under reduced pressure. After
evaporation of the solvent, 4 N-hydrogen chloride in 1,4-
dioxane (2 mL) and water (1 mL) were added, and the mixture
was stirred at 80° C. 30 minutes. The mixture was concen-
trated under reduced pressure. The obtained residue was puri-
fied by high performance liquid chromatography (water-ac-
etonitrile, each containing 0.1% trifluoroacetic acid) to give
the trifluoroacetic acid salt of the title compound.

To the obtained trifluoroacetic acid salt was added 0.1
N-hydrochloric acid solution (10 mL), and the mixture was
lyophilized to give the title compound (35.6 mg, 0.064 mmol,
43%).

1HNMR (400 MHz, DMSO-d6) 8 12.09 (1H, s), 9.44 (2H,
s), 9.17 (2H, s), 7.98-7.91 (2H, m), 7.78-7.72 (2H, m), 7.37
(1H, d, J=8.2Hz), 7.06 (1H, d, J=3.8 Hz), 4.19-4.09 (1H, m),
3.17-3.06 (2H, m), 2.43-2.30 (2H, m), 1.63-1.44 (4H, m),
1.40-1.27 (1H, m), 1.11-0.98 (1H, m), 0.89-0.73 (10H, m).

MS(EST) m/z 520 (M+H)+

The compounds 39, 40, 45, 46, 51, 55, 63, 64, 65, 68, 81,
and 89 shown in the following Table 1 were each synthesized
using the compound 16 or the compound obtained in
Example 3, step 5 and commercially available reagents and
by an operation in the same manner as in the above-men-
tioned Example 4, step 2.

The compounds 3, 4, 6, 12, 13, 14, 15, 16, 19, 24, 25, 27,
28,29, 30,31, 34,42, 43, 44, 52, 58, 83, and 87 shown in the
following Table 1 were each synthesized using the compound
16 or the compound obtained in Example 3, step 5 and com-
mercially available reagents and by an operation in the same
manner as in the above-mentioned Example 6.

The compounds 7, 8, 17, 20, 22, 26, 32,33, 41, 48, 56, 57,
62,66,67,69,70,71,73,75,76,77,78,79, 80, 84, 85, 86, 88,
90, 91, 92, and 93 shown in the following Table 1 were each
synthesized using the compound 16 or the compound
obtained in Example 3, step 5 and commercially available
reagents and by an operation in the same manner as in the
above-mentioned Example 7.

The compounds 5, 35,36,37, 38,47, 50, 53, 54, 59, 60, 61,
72,74, 82, and 94 shown in the following Table 1 were each
synthesized using the compound 16 or the compound
obtained in Example 3, step 5 and commercially available
reagents and by an operation in the same manner as in the
above-mentioned Example 9.
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TABLE 1
Compound
No. Structure
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1H-NMR (400 MHz, DMSO-d6) & 9.42 (2H,
brs), 9.09 (2H, brs), 8.07 (11, d, T = 8.0 Hz),
7.99-7.83 (2H, m), 7.92-7.82 (1H, m), 7.79-7.69
(2H, m), 7.06 (11, d, T = 3.9 Hz), 4.56 (1H, dd,
1=13.9, 7.6 Hz), 3.48 (2H, 5), 2.74 (1H, dd,
1=16.4, 6.0 Hz), 2.64-2.49 (1H, m), 2.40-2.25
(2H, m), 2.05-1.83 (3H, m), 1.80-1.69 (1H, m).
MS (ESD) m/z492 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.36 (2H,
brs), 9.08 (2H, brs), 7.97 (1H, d, T = 7.9 Hz),
7.89-7.80 (2H, m), 7.72-7.63 (2H, m), 7.00 (1H,
d,7=3.9 Hz),4.49 (21, dt, ] = 12.9, 6.4 Hz), 3.17
(2H, 5), 2.69 (11, dd, T = 16.4, 6.0 Hz), 2.57-2.45
(2H, m), 2.02-1.81 (2H, m), 1.63-1.37 (6H, m).
MS (ESD) m/z 506 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.42 (2H, br s),
9.17 (2H, brs), 8.12-7.98 (11, m), 7.98-7.87 (2H,
m), 7.83-7.68 (2H, m), 7.08 (11, d, T = 3.9 Hz),
3.73 (2H,d, T = 5.8 Hz), 3.12 (21, 5), 1.13 (61, 5)
MS (ESD) m/z422 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.41 (2H, br s),
9.07 (2H, brs), 7.98-7.87 (2H, m), 7.82-7.69 (2H,
m), 7.56 (1H, d, T = 7.8 Hz), 7.09 (1H, d, ] =3.9 Hz),
430 (1H, dt, T = 7.9, 5.0 Hz), 3.70 (2H, ddd, T =
15.2,11.1, 4.9 Hz), 3.16 (2H, 5), 1.17 (61, 5)

MS (ESD) m/z452 (M + H)+
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TABLE 1-continued
Compound
No. Structure
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MS (EST) m/z 462 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.12 (2H, br s), 8.00-7.87 (2H, m), 7.81-
7.68 (2H,m), 7.54 (1, 5), 7.08 (1H,d, = 3.8
Hz), 3.13 (21, 5), 1.36 (611, 5), 1.14 (6L, 5)
MS (ESD) m/z 450 (M + H)+

1 NMR (400 MHz, DMSO-d6) 6 9.41 (2H,
brs), 9.18 (2H, br 5), 7.98-7.88 (2H, m), 7.81-
7.70 (2H, m), 7.12 (1H, d, T = 3.8 Hz), 3.99
(3H, 5), 3.21 (21, 5), 1.26 (61, 5)

MS (EST) m/z 436 (M + H)+

MS (EST) m/z 462 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.10 (2H, br s), 8.00-7.89 (21, m), 7.80-
7.70 (2H, m), 7.57 (11, d, T = 7.2 Hz), 7.08 (14,
s), 4.13 (1H, m), 3.21 (1H, d, T = 16.0 Hz), 3.15
(1H,d, T = 16.0 Hz), 2.15-2.05 (1H, m), 1.76-
1.50 (4H, m), 0.90 (3H, d, T = 6.8 Hz), 0.86-0.75
(6H, m).

MS (ESD) m/z 464 (M + H)+
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Compound
No.

Structure

Analysis data
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1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs), 9.05 (2H, brs), 7.93 (2H, m), 7.74 (2H,
m), 7.11 (1H, d, T = 3.6 Hz), 3.75-3.65 (21, m),
3.18 (2H, s), 1.58-1.48 (2H, m), 1.25 (6H, br s),
0.84 (3H, m).

MS (ESD) m/z 464 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.10 (2H, br ), 7.95-7.90 (2H, m), 7.78-
7.72 (2H, m), 7.63 (1H, d, T = 7.6 Hz), 7.10 (1H,
d, T =4.0 Hz),4.34 (1H, m), 3.75-3.64 (11, m),
3.64-3.56 (1H, m), 3.16 (2H, 5), 1.62-1.46 (4H,
m), 0.88-0.78 (6H, m).

MS (ESI) m/z 480 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.37 (4H,
brs), 7.95-7.88 (2H, m), 7.78-7.72 (2H, m),

7.56 (1H, d, T = 6.8 Hz), 7.10 (11, d, T = 3.6 Hz),
4.23 (1H, m), 3.72-3.68 (1H, m), 3.65-3.58 (1L,
m), 3.16 (2H, s), 1.62-1.49 (4H, m), 0.88-0.80
(6H, m).

MS (ESI) m/z 480 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.10 (2H, br s), 7.95-7.88 (2, m), 7.80-7.70
(2H, m), 7.57 (1H, d, T = 7.2 Hz), 7.08 (1H, d, T =
3.6 Hz), 4.13 (1H, m), 3.23-3.10 (21, m), 2.08 (1,
m), 1.65-1.45 (4H, m), 0.90 (6H, d, T = 6.8 Hz),
0.88-0.80 (6H, m).

MS (ESD) m/z492 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.39 (2H,

brs), 9.10 (2H, br ), 7.90-7.85 (2H, m), 7.75-

7.65 (3H, m), 6.97 (1H, d, T = 2.4 Hz), 3.30 (2H, m),
3.05 (2H, 5), 2.35 (2H, t, T = 6.4 Hz), 1.50-1.30 (41,
m), 0.75-0.65 (6, t, T = 7.2 Hz).

MS (ESD) m/z 464 (M + H)+
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TABLE 1-continued
Compound
No. Structure
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1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.18 (2H, brs), 7.95-7.90 (2H, m), 7.78-
7.72 (2H, m), 7.18 (1H, d, T = 8.0 Hz), 7.10 (1H,
d, 7 =4.0 Hz),4.22 (1H, m), 4.12 (1H, m), 3.16
(2H, 5), 1.62-1.49 (4H, m), 1.03 (31, d, T = 6.4
Hz), 0.88-0.80 (611, t, T = 7.2 Hz).

MS (ESD) m/z 494 (M + H)+

1H-NMR (400 MHz, DMSO-d6) & 9.44 (4H,
brs), 7.95 (1H,d, T = 11.2 Hz), 7.88-7.80 (2H,
m), 7.78-7.70 (2H, m), 7.30-7.20 (4H, m), 7.20-
7.12 (1H, m), 6.88 (11, d, T = 4.0 Hz), 4.54 (11,
m), 3.18-2.92 (4H, m), 1.55-1.30 (41, m), 0.72
(3H,t,7=7.2 Hz), 0.53 3H,t, T = 7.2 Hz).

MS (ESD) m/z 540 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.43 (2H,
brs),9.16 (2H, brs), 7.98-7.92 (2H, m), 7.80-
7.70 (2H, m), 7.11 (1H, d, T = 4.0 Hz), 4.39 (1H,
m), 3.78-3.60 (21, m), 3.24 (11, d, T = 15.2 Hz),
3.16 (1H, d, T = 15.2 Hz), 2.10 (1H, m), 2.00-1.85
(2H, m), 1.80-1.45 (5H, m), 0.88 (3H, t, T = 7.2
Hz), 0.78 (3H, t, T = 7.2 Hz).

MS (ESI) m/z 490 (M + H)+

1H-NMR (400 MHz, DMSO-d6) & 9.42 (2H,
brs), 9.24 (2H, brs), 7.97 (1H, d, T = 4.0 Hz),
7.94 (1H, d, T = 10.4 Hz), 7.80-7.70 (2H, m),
7.10 (1H, d, T = 4.0 Hz), 3.15 (2H, 5), 1.60-1.40
(4H, m), 0.85 (6H, t, T = 7.6 Hz).

MS (ESD) m/z 393 (M + H)+
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Compound
No.

Structure

Analysis data
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1H-NMR (400 MHz, DMSO-d6) 8 9.39 (2H,
brs),9.12 (2H, brs), 7.90-7.85 (3H, m), 7.70-
7.65 (2H, m), 7.02 (1H, d, T = 4.0 Hz), 4.50 (1H,
m), 3.06 (2H, s), .70 (1H, dd, T = 16.4, 6.0 Hz),
2.51 (1H,dd, T = 16.4, 7.2 Hz), 1.50-1.38 (4H,
m), 0.80-0.70 (6H, m).

MS (ESI) m/z 508 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.46 (4H,
brs), 8.00-7.92 (2H, m), 7.80-7.70 (2H, m),
7.13 (1H, d, T = 3.6 Hz), 3.89 (21, m), 3.40 (2H,
m), 3.21 (2H, s), 1.80-1.40 (6H, m), 0.90-0.70
(9H, m).

MS (ESD) m/z492 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.35 (2H,
brs),9.22 (2H, br s), 7.90-7.85 (2, m), 7.70-
7.65 (2H, m), 7.06 (1H, d, T = 3.6 Hz), 3.92 (2H,
m), 3.15 (3H, s), 3.12 (2H, brs), 1.70-1.60 (2H,
m), 1.60-1.50 (2H, m), 0.76 (6, t, T = 7.2 Hz).
MS (ESD) m/z 464 (M + H)+

1H-NMR (400 MHz, DMSO-d6) & 9.46 (2H,
brs),9.21 (2H, brs), 7.98-7.94 (2H, m), 7.78-
7.74 (2H, m), 7.11 (1H, d, T = 3.6 Hz), 4.39 (14,
m), 3.78-3.60 (21, m), 3.24 (11, d, T = 15.2 Hz),
3.16 (1H, d, T = 15.2 Hz), 2.10 (1H, m), 2.00-1.85
(2H, m), 1.80-1.45 (5H, m), 0.88 (3H, t, T = 7.2
Hz), 0.78 (3H, t, T = 7.2 Hz).

MS (ESI) m/z 490 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs), 9.02 (2H, br s), 7.95-7.88 (2, m), 7.81-
7.70 (2H, m), 7.10 (1H, d, T = 3.6 Hz), 5.76 (14,
m), 5.20-5.05 (2H, m), 4.15-3.85 (21, m), 3.70-
3.45 (2H,m), 3.21 (21, 5), 2.67 (2H, m), 1.26
(6H, s).

MS (ESD) m/z 512 (M + H)+
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TABLE 1-continued
Compound
No. Structure
24 @) OH
O O
S OH
(@] N
\ / i
F. (@]
H—CI
HN NI,
25 0
0 0 AOH
S ; OH
(@] N
{J Y
F. (@]
H—CI
HN NH,
26 O (@]
S
O \ / N
F. OH
(@]
H—CCl
HN NH,
27 O O
S 0
O N
\_/ i
F. OH
H—CI

N NH,

1H-NMR (400 MHz, DMSO-d6) & 9.46 (2H,
brs),9.25 (2H, brs), 7.97-7.92 (2H, m), 7.85
(1H,d, T =7.2 Hz), 7.76-7.74 (2H, m), 7.08 (1H,
d, 7=3.6 Hz), 4.25 (11, m), 3.15 (21, 5), 2.26
(2H, t, 7 = 8.0 Hz), 2.06-1.95 (1H, m), 1.92-1.80
(1H, m), 1.60-1.46 (4H, m), 0.86-0.79 (6H, m).
MS (ESD) m/z 528 (M + H)+

1H-NMR (400 MHz, DMSO-d6) & 9.45 (2H,
brs),9.16 (2H, brs), 7.97-7.92 (3H, m), 7.78-7.72
(2H, m), 7.09 (11, d, T = 3.6 Hz), 4.57 (1H, m),
3.13 (2, s), 2.76 (1H, dd, T = 16.4, 5.2 Hz), 2.58
(1H, dd, T = 16.4, 6.4 Hz), 1.56-1.44 (4H, m),
0.86-0.78 (6H, m).

MS (ESI) m/z 508 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.45 (2H,
brs),9.18 (2H, brs), 7.99-7.88 (21, m), 7.80-
7.71 (2H, m), 7.09 (1H, d, T = 3.8 Hz), 4.20 (2H,
d, 7=13.7 Hz), 3.22 (21, 5), 3.06-2.91 (2H, m),
2.61-2.51 (1H, m), 1.93-1.77 (2H, m), 1.50-1.35
(2H, m), 1.24 (61, 5)

MS (ESI) m/z476 (M + H)+

MS (EST) m/z 464 (M + H)+
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TABLE 1-continued
Compound
No. Structure Analysis data
28 MS (ESD) m/z478 (M + H)+
e} e}
s 0
O N
\ 7/ i
F. OH
H—CI
HN NH,
29 MS (ESD) m/z492 (M + H)+
e} e}
s 0
O N
\ / i
F. OH
H—CI
HN NH,
30 O O 1H NMR (400 MHz, DMSO-d6) 8 12.05 (1H,
$), 9.69-9.03 (4H, m), 7.94 (2H,t, T = 7.6 Hz),
S OH  7.80-7.71 (3H, m), 7.04 (1H, d, T = 3.9 Hz),
0 N 3.16-3.08 (4H, m), 2.20 (2H, t, ] = 7.4 Hz),
\ / H 1.66 (2H, p, T = 7.2 Hz), 1.60-1.40 (4H, m),
F 0 0.80 (6IL,t, T = 7.4 Hz)
MS (ESI) m/z478 (M + H)+
CIH
HN NH,
31 1H NMR (400 MHz, DMSO-d6) 9.71 (1H,

HN NH, H—Cl

$),9.39 (2H, brs), 9.06 (2H, brs), 7.99-7.84
(4H, m), 7.84-7.76 (2H, m), 7.76-7.67 (2H,
m), 7.07 (1H, d, T = 3.8 Hz), 3.34 (2H, s), 1.30
(6H, s)

MS (ESIT) m/z 484 (M + H)+
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Compound
No. Structure

Analysis data

32
(€] (€]
S OH
O N
\ / i
F (6]

HN NH, H—CI

33 (€] (€]

clH
HN NH,

34 (0]

N NH, ClH

35

N NH,

1H NMR (400 MHz, DMSO-d6) 6 9.64 (1H,

s), 9.40 (2H, br s), 9.07 (2H, brs), 8.25 (1H, s),
7.99-7.87 (3H, m), 7.79-7.69 (2H, m), 7.65 (1H,
d,J=79Hz),7.44 (1H,dd, T=7.9 Hz),7.08
(1H,d,J=3.5Hz),3.34 (2H, s), 1.29 (6H, s)
MS (ESI) m/z 484 (M + H)+

1H NMR (400 MHz, DMSO-d6) 6 12.54 (1H,
$), 9.47 (2, 5),9.21 (2H, 5), 7.95 (1H, d, T =
11.5 Hz), 7.92 (1H, d, T = 3.8 Hz), 7.81-7.69
(2H, m), 7.08 (1H, d, T = 3.8 Hz), 3.89-3.33 (4,
m), 3.24-2.91 (3H, m), 2.22-1.87 (21, m), 1.22
(6H, s)

MS (ESD) m/z 462 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.46 (2H,
$),9.18 (2H, 5), 8.20 (1H, d, T = 6.0 Hz), 8.00-
7.91 (2H, m), 7.78-7.71 (2H, m), 7.06 (1L, d,
I =3.9 Hz), 4.58-4.43 (21, m), 4.07 (1H, dd,
1=9.1,3.0 Hz), 3.15 (21, 5), 2.87 (11, dd,
1=17.7,84 Hz),2.45 (11, dd, T = 17.7,3.6
Hz), 1.64-1.42 (4H, m), 0.86-0.76 (61, m)
MS (ESD) m/z476 (M + H)+

MS (EST) m/z 504 (M + H)+
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Compound
No. Structure Analysis data
36 MS (EST) m/z 504 (M + H)+
0 0 =
S ; OH
0 N
\ / i
F. 0
0
F.
OH
HN NH, F
F
37 MS (EST) m/z 498 (M + H)+
0 0
S OH
0
\ / i
F. 0
0
F.
OH
HN NIL F
2 F
38 MS (EST) m/z 498 (M + H)+
0 0 Z
S ; OH
0 N
\ / i
F. 0
0
F.
OH
HN NIL F
2 F
39 MS (EST) m/z 441 (M + H)+
o o S | (ESI) ( )
S N
\

) )
F F
OH OH
HN Ng, ¥ ! F !
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Compound

No. Structure

Analysis data

40

S

T\
F
0
F
OH
F
F
HN NI,

41

H—Cl

NH,

42

NH,

43

H—Cl

NH,

MS (EST) m/z 457 (M + H)+

Tz

1H NMR (400 MHz, DMSO-d6) 6 12.17 (1H,
brs), 9.67-9.09 (4H, m), 8.00-7.89 (2H, m), 7.81-
7.70 (2H, m), 7.08 (1H, d, T = 3.8 Hz), 4.33-4.21
(1H, m), 3.68-3.50 (2H, m), 3.27-3.09 (2H, m),
2.83-2.71 (1H, m), 2.26-2.12 (1H, m), 2.00-1.76
(3H, m), 1.67-1.54 (1H, m), 1.22 (6H, d, 7= 7.2
Hz)

MS (ESD) m/z476 (M + H)+

O

NI, 1H NMR (400 MHz, DMSO-d6) 8 12.17 (1H,
brs), 9.67-9.09 (4H, m), 8.00-7.89 (2H, m),
7.81-7.70 (2H, m), 7.08 (1H, d, T = 3.8 Hz), 4.33-
421 (1H, m), 3.68-3.50 (2H, m), 3.27-3.09 (2H,
m), 2.83-2.71 (1H, m), 2.26-2.12 (1H, m), 2.00-
1.76 (3H, m), 1.67-1.54 (1H, m), 1.22 (6H, d, T =
7.2 Hz)

MS (ESD) m/z 521 (M + H)+

=z

OH

OH 1H NMR (400 MHz, DMSO-d6) 6 12.36 (2H,
brs), 9.46 (2H, ), 9.23 (2H, s), 7.98-7.91 (2H,
m), 7.85 (1H, d, T = 7.5 Hz), 7.79-7.72 (2H, m),
7.08 (1H, d, T = 3.9 Hz), 4.29-4.20 (1H, m),
3.15 (2H, 5), 2.27 (2H, t, T = 7.6 Hz), 2.09-
1.80 (2H, m), 1.60-1.47 (4H, m), 0.89-0.78
(6H, m)

MS (ESD) m/z 522 (M + H)+

OH
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Compound
No. Structure Analysis data
44 NH, 1H NMR (400 MHz, DMSO-d6) 8 12.54 (1H,
5), 9.47 (2H, 5), 9.21 (2H, 5), 7.98-7.89 (3H, m),
7.80-7.73 (2H, m), 7.38 (1H, 5), 7.09 (1H, d, T =
0 0 o} 3.9 Hz), 6.92 (1H, s), 4.59 (1H, dd, T = 13.2, 7.4
Hz),3.13 (2H, s), 2.64-2.52 (2H, m), 1.57-1.44
S OH (4H, m), 0.89-0.75 (6H, m)
0 \ / g MS (EST) m/z 507 (M + H)+
F O
H—ClI
HN NH,
45 e} MS (EST) m/z 471 (M + H)+
S N
w b
\ / .
F
O O
F F
OH OH
F F
HN NH, i i
46 0 0 MS (EST) m/z 440 (M + H)+
S
@) \ / N
F
F
F
O
F
OH
HN NH F
2 F
47 OH MS (EST) m/z 500 (M + H)+
O O
S
0 N Co,H
\ / .
F
H—Cl
HN NH,
48 1H NMR (400 MHz, DMSO-d6) & 12.35 (1H,

OH
0 0 s), 9.50-9.17 (4H, m), 8.03-7.96 (2H, m), 7.83-
7.77 (2H, m), 7.60 (2H, d, ] = 8.0 Hz), 7.25 (2H,
] 0 d,7=8.0 Hz),7.14 (1H, d, ] =8.0), 3.57 (2H,
0 N s), 3.34 (2H, 5), 1.79-1.65 (4H, m), 0.92 (6H,
\ / H t.] = 8.0 Hz).
F MS (ESD) m/z 526 (M + H)+

H—Cl

N NH,
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TABLE 1-continued
Compound
No. Structure Analysis data
49 1H NMR (400 MHz, DMSO-d6) & 12.09 (1H,
§), 9.44 (2H, 5, 9.17 (2H, 5, 7.98-7.91 (2H, m),
7.78-7.72 (2H, m), 7.37 (1H, d, ] = 8.2 Hz), 7.06
G o O (1H,d, J = 3.8 Hz), 4.19-4.09 (1H, m), 3.17-3.06
S (2H, m), 2.43-2.30 (2H, m), 1.63-1.44 (4H, m),
N 1.40-1.27 (1H, m), 1.11-0.98 (1H, m), 0.89-0.73
N OH (10H, m)
MS (ESI) m/z 520 (M + H)+
H—Cl
50 0 0 1H NMR (400 MHz, DMSO-d6)  12.86 (1H,
brs), 9.41 (2H, s), 9.14 (2H, 5), 7.96-7.85 (3H,
m), 7.77-7.70 (3H, m), 7.29 (1H, d, ] = 8.0 Hz),
N 7.07 (1H, d,J = 3.8 Hz), 4.82 (2H, 5), 3.89-3.80
(2H, m), 2.93-2.85 (2H, m), 1.30 (6H, ), 1.04
(2H,d, T = 6.1 Hz)
MS (ESI) m/z 524 (M + H)+
0
OH
o OH
51 MS (ESI) m/z 471 (M + H)+
o o F | (ESD ( )
N
0 Y
\ / i
F o)
~
0 0
F
OH OH
F
HN NH, i i
52 0 0 0 1H NMR (400 MHz, DMSO-d6) 9.45 (2H,
brs), 9.30 (2H, br s), 8.00-7.91 (2H, m), 7.91-
S 7.82 (1H, m), 7.82-7.69 (2H, m), 7.04 (1H, d,
0 N OH T=3.9Hz), 3.83-3.64 (1H, m), 3.19-3.04 (4H,
\ / H m), 1.86-1.64 (2H, m), 1.64-1.37 (4H, m), 0.80
F NH, (6H,t,T= 7.4 Hz)
MS (ESI) m/z 507 (M + H)+
H—Cl
H—Cl
HN NH,
53 0 0 MS (ESI) m/z 526 (M + H)+
s
0 N
\ / i
F OH
0
H—Cl

HN NH,
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Compound
No. Structure Analysis data
54 0 0 0 MS (EST) m/z 434 (M + H)+
S
@) \ / N OH
F
O
F
OH
HN NH, F
F
55 F MS (EST) m/z 471 (M + H)+
S N
0 N
\ / i
F
O O
F F
OH OH
F F
NI, F F
56 o o 1H NMR (400 MHz, DMSO-d6) 6 9.31 (4H,
brs),8.09 (1H, s), 7.97-7.89 (2H, m), 7.79-
g on 7.70 (2H, m), 7.08 (1H, d, T = 3.9 Hz), 3.14 (2H,
o N s), 2.30-2.14 (2H, m), 1.88 (4H, dd, T = 14.5,
\ / q 6.8 Hz), 1.15 (6H, s)
F o MS (EST) m/z 462 (M + H)+
HN NH, H—CI
57 0 0 MS (ESI) m/z 448 (M + H)+
S OH
@) N
\ / .
F O
HN NH, H—CI
58 0, OH MS (EST) m/z 594 (M + H)+
O
O O
S
o N OH
\ / i
F
O HO 0
F
OH
F
HN NI,
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TABLE 1-continued

Compound
No. Structure Analysis data
39 O, OH MS (EST) m/z 528 (M + H)+
e} e}
S OH
O N
\ / i
F ¢}
e} e}
F. F
OH OH
F F
HN NH, F F
60 CO,Me MS (EST) m/z 542 (M + H)+

0 0
S
o) N CO>Me
\_/ i
F
0
F
oH
N NH, F
F

61 0 0 0 MS (EST) m/z 434 (M + H)+

1H NMR (400 MHz, DMSO-d6) 6 11.98 (1H,

62 0 0 0
brs), 9.44 (2H, ), 9.18 (2H, s), 7.95-7.92 (2H,
S m), 7.78-7.69 (m, 3H), 7.04 (11, d, T = 3.9 Hz),
N OH  3.12-3.08 (4H, m), 2.20 (2H, t, J = 6.6 Hz),

0
\ / H 1.59-1.40 (8H, m), 0.79 (6, t, J = 7.4 Hz).
MS (ESD) m/z 492 (M + H)+

HN NH, H—C
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Analysis data

97
TABLE 1-continued
Compound
No. Structure
63 O O
S CN
OWN AN
\ 7/ i
F.
CIH
HN NH,
64 N
0 0 N7\
| N
S N/
O N
\ 7/ i !
F.
H—CI
HN NH,
65 O O
H
0 i N N\
\_/ U
F. N
~N
CIH
HN NH,
66 O OH
O (@]
S OH

HN NH,

MS (EST) m/z 417 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.47 (2H,
$),9.21 (2H, 5), 7.98-7.86 (3H, m), 7.79-7.73
(2H, m), 6.99 (11, d, T = 3.8 Hz), 3.46 (2H,
dd, T=12.8, 7.1 Hz), 3.09 (2H, 5), 3.05 (2H,
t,7=7.1Hz), 1.10 (6H, 5)

MS (ESI) m/z 460 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.45 (2H,
$),9.22 (21, 5), 8.50 (1H, t, T = 5.5 Hz), 7.98-
7.92 (1H, m), 7.89 (1H, d, T = 3.8 Hz), 7.79-
7.73 (2H,m), 6.99 (1H, d, T = 3.8 Hz), 4.54
(2H, d, T = 5.6 Hz), 3.13 (2H, 5), 1.17 (6H, 5)
MS (ESI) m/z 446 (M + H)+

1H NMR (400 MHz, DMSO-d6) 6 9.87 (1H,
brs), 9.40 (2H, brs), 9.29 (21, 5), 8.54 (2H, d,
7=2.0 Hz), 8.19 (1, t, T = 2.0 Hz), 7.96 (1H,
d, T =4.0 Hz), 7.94-7.92 (1H, m), 7.91-7.89
(1H, m), 7.75-7.72 (2H, m), 7.09 (1H, d, T =
4.0 Hz), 1.83-1.51 (4H, m), 0.87 (6H,t,7 =7.0
Hz)

MS (ESD) m/z 556 (M + H)+



US 9,227,949 B2

TABLE 1-continued
Compound
No. Structure Analysis data
67 o) OMe MS (EST) m/z 570 (M + H)+
O O
OH
@) N
H
F O
O
F
HN NH, OH
F
F
63 0 MS (EST) m/z 528 (M + H)+
O O OH
OH
@) N
H
F O
O
F
HN NH, OH
F
F
69 OH 1H NMR (400 MHz, DMSO-d6) 6 9.47-9.30
(4H, br), 7.95-7.78 (2H, m), 7.71-7.63 (2H,
m),7.10 (2H, d, T =9.0 Hz), 6.93 (1, d, T =
4.0 Hz), 6.64 (2H, d, T =9.0 Hz), 5.11 (1H,
$),3.09 (3H,d, T=2.0Hz), 1.11 (61, d, T =
6.0 Hz)
0 0 Z MS (EST) m/z 514 (M + H)+
$ ; OH
@] N
\ / i
F O
O
F
OH
HN NH, F
F
70 MS (EST) m/z 490 (M + H)+

N NH,

H—CCl
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Compound
No. Structure Analysis data
71 0 0 MS (ESD) m/z 506 (M + H)+
S OH
O N
\ / i
¢}
H—CI
NH,
72 (€] (€] 1H NMR (400 MHz, DMSO-d6) 6 9.41 (2H,
$),9.17 (2H, 5), 7.98-7.89 (2H, m), 7.81-7.70
S (2H, m), 7.08 (11, d, T = 4.0 Hz), 4.64-4.18
0 N (2H, m), 4.11-3.79 (2H, m), 3.10 (21, s),
\ / OH 1.15 (6H, 5)
F MS (ESI) m/z 448 (M + H)+
e} e}
F.
OH
HN NH, F
F
73 MS (ESI) m/z 484 (M + H)+
e} e}
S
O N
\ 7/ i
F.
O OH
H—CI
HN NH,
74 OH MS (ESI) m/z 500 (M + H)+
e} e}
s OH
O N
\_/ i
e}
e}

F
oH
F
N NH,
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Compound
No. Structure Analysis data
75 o) oH MS (ESD) m/z 528 (M + H)+
e} e}
S
O N
\ / i
F.
O OH
e}
F.
OH
HN NH. F
2 F
76 0 0 MS (ESD) m/z476 (M + H)+
S OH
Y Y
F. ¢}
H—Cl
HN NH,
77 0 0 0 MS (ESD) m/z 507 (M + H)+
s §\)j\
O N OH
\ / i
F. e}
H—0CcCl
HN NH,
78 0 MS (ESI) m/z 490 (M + H)+
Ao
e} e} - OH
S
O N
\ / .
F
H—Cl

HN NH,
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Compound
No. Structure Analysis data
79 e} e} MS (EST) m/z476 (M + H)+
S OH
e} N
\ / i
F. ¢}
H—Cl
HN NH,
80 o o MS (EST) m/z 490 (M + H)+
s OH
O N
\_/ i
F e}
H—CI
HN NH,
81 e} e} 1H NMR (400 MHz, DMSO-d6) 6 9.47 (1H,
s), 9.21 (1H, s), 8.57 (1H, s), 7.95 (1H,d, T =
S % 11.6 Hz), 7.89 (1H, d, J = 3.8 Hz), 7.80-7.72
O N \ (1H,m), 7.00 (1H, d, J = 3.8 Hz), 7.00 (1H, d,
\ / H | N I =3.8 Hz), 4.55 (1H,d, ] = 5.5 Hz), 3.14 (1H,
F N\N// s), 1.62-1.42 (1H, m), 0.78 (1H,t, ] = 7.4 Hz)
MS (EST) m/z 474 (M + H)+
H—0Cl
HN NH,
82 OH MS (EST) m/z 528 (M + H)+
e} e}
s OH
O N
\ / i
F e}
H—0Cl
HN NH,
83 e} e} MS (EST) m/z 450 (M + H)+
s OH
e} N
\ / i
F. ¢}
H—CI

HN NI,



US 9,227,949 B2

107
TABLE 1-continued

108

Compound
No. Structure

Analysis data

84

ol

H—Cl

HN NH,

85

H—Cl

N NH,

86

N4N\
NH
4
0 0 N

S OH
0 N
\ / i

0

H—cl
N NH,
87 0 0

T\
F
0
F
OH
HN NH F
2 F

OH

1H NMR (400 MHz, DMSO-d6) 8 9.46 (2H,
$),9.18 (2H, 5), 8.27 (1H, d, T = 7.6 Hz), 7.97-
7.92 (1H, m), 7.87 (1H, d, T = 3.8 Hz), 7.79-
7.73 (2H, m), 6.98 (11, d, T = 3.8 Hz), 5.29
(1H, dd, T = 14.4, 8.1 Hz), 3.20-3.09 (2H, m),
2.36-2.06 (4H, m), 1.61-1.48 (4H, m), 0.77
(6H, dt, 7 =20.1, 7.4 Hz)

MS (ESI) m/z 546 (M + H)+

MS (EST) m/z 490 (M + H)+

1H NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
$),9.16 (2H, s), 8.11 (1H, d, T = 8.1 Hz), 7.96-
7.85 (2H, m), 7.81-7.70 (2H, m), 6.98 (1L, d,
7 =3.9 Hz), 4.88-4.78 (11, m), 3.46-3.26 (2L,
m), 3.08 (2H, 5), 1.55-1.33 (4H, m), 0.75
(3H,t, =74 Hz), 0.65 3H,t, ] = 7.4 Hz)
MS (ESD) m/z 532 (M + H)+

1H-NMR (400 MHz, DMSO-d6) 8 9.41 (2H,
brs),9.10 (2H, brs), 7.96 (1H, d, T = 4.0 Hz),
7.93 (1H, d, T = 8.1 Hz), 7.80-7.70 (2H, m),

7.09 (1H, d, T = 4.0 Hz), 3.14 (21, 5), 1.16 (6L, 5).
MS (ESI) m/z 365 (M + H)+
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Compound
No. Structure Analysis data
88 1H NMR (400 MHz, DMSO-d6) 6 9.43 (2H,

0 0
5),9.21 (2H, 5), 8.01-7.89 (2H, m), 7.83-7.70
S (2H, m), 7.09 (1H, d, T = 3.8 Hz), 4.62-4.41
0 N (1H, m), 4.41-4.21 (2H, m), 4.21-3.98 (2H, m),
\ / OH 3.98-3.80 (1H, m), 3.46-3.35 (1H, m), 3.12 (2L,
F. s), 1.62-1.39 (4H, m), 0.83 (6IL, t, T = 7.4 Hz).
MS (ESD) m/z476 (M + H)+
0

HCL
HN NH,

89 1H-NMR (400 MHz, DMSO-d6) 8 9.55 (1H,

O O s), 9.41 (2H, 5),9.03 (2H, 5), 7.97-7.82 (3H, m),
0 7.82-7.65 (3H, m), 7.34-7.20 (2H, m), 7.08 (1H,
8 Vi d, 7 =3.9 Hz), 3.30 (21, 5), 1.79-1.56 (4H, m),
O g S 0.85 (6L, t, T = 7.3 Hz).
. \ / O// OH  MS (ESI) m/z 548 (M + H)+

HN NH,

1H-NMR (400 MHz, DMSO-d6) & 9.80 (1H,
5),9.41 (2H, 5),9.07 (2H, 5), 8.58 (1H, d, J =
4.8 Hz),8.15 (1M, 5), 7.98-7.88 (3H, m),
7.82-7.66 (2H, m), 7.08 (1H, d, T = 3.9 Hz),

0
0 0 OH
3.3-3.25 (2H, m), 1.86-1.57 (4H, m), 0.85
S OH  (6H,t,J=7.3Hz).
e} \ / g MS (EST) m/z 556 (M + H)+
F. 0

HN NI, HCI

90

91 0 0 0 1H-NMR (400 MHz, DMSO-d6) & 12.52 (1H,
s), 9.44 (2H, 5),9.16 (2H, 5), 7.99-7.89 (2H, m),
S 7.80-7.71 (2H, m), 7.08 (1H, d, T = 3.8 Hz),
0 N oH 3.81-3.53 (4H, m), 3.19 (2H, m), 3.10-2.90 (1H,
\ / m), 2.25-1.85 (2H, m), 1.22 (61, s).
F. MS (ESD) m/z 462 (M + H)+

HN NH, HCl
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TABLE 1-continued

Compound

No. Structure

Analysis data

92

o
o

HCl

93 O (€]

NH,

94

o
o

=
——
=z,

NI, HCl

1H-NMR (400 MHz, DMSO-d6) & 9.46 (1H,
s),9.41 (2H, 5),9.10 (2H, 5), 8.06 (1H, d, T =7.2
Hz), 7.96-7.90 (1H, m), 7.89 (1H, d, T = 3.8 Hz),
7.81-7.69 (2H, m), 7.20 (2H, d, T = 8.6 Hz), 7.01
(1H,d, T =3.8 Hz), 6.73 (2H, d, T = 8.6 Hz), 5.26
(1H,d,T=7.1 Hz), 3.17 (2H, 5), 1.17 (6H, 5).
MS (ESD) m/z 514 (M + H)+

1H-NMR (400 MHz, DMSO-d6) & 9.44 (2H,
$),9.14 (2H, 5), 7.97-7.87 (2H, m), 7.80-
7.70 (2H, m), 7.13 (1H, d, T = 3.8 Hz),

5.18 (1H, m), 4.40-4.27 (2H, m), 3.77-

3.63 (2H, m), 3.25 (11, d, T = 14.1 Hz),

3.10 (1H, d, T = 14.2 Hz), 2.11-2.00

(1H, m), 1.87-1.75 (15, m), 1.22 (61, s).
MS (ESD) m/z478 (M + H)+

QO

1H-NMR (400 MHz, DMSO-d6) & 9.44 (2H,
5),9.14 (2H, 5), 7.98-7.90 (2H, m), 7.80-7.70
(2H, m), 7.13-7.01 (2H, m), 5.68-5.61 (1H, m),
5.61-5.54 (1H, m), 4.25-4.13 (1H, m), 3.21-
3.06 (2H, m), 2.82-2.73 (1H, m), 2.48-2.38
(1H, m), 2.32-2.12 (3H, m), 1.14 (6H, d, T =
5.2 Hz).

OH MS (ESI) m/z 488 (M + H)+

Experimental Example 1
Measurement of Trypsin Inhibitory Activity

Using a 96 well plate (#3915, Costar), a test compound (25
ul) was mixed with 20 pM fluorescence enzyme substrate
(Boc-Phe-Ser-Arg-AMC, 50 ul) mixed with 200 mM Tris-
HCl buffer (pH 8.0), and human trypsin (Sigma, 25 ul.) was
added. Using a fluorescence plate reader fmax (Molecular
Devices, Inc.), the reaction rate was measured from the time-
course changes at excitation wavelength 355 nm and fluores-
cence wavelength 460 nm. The Ki value was calculated from
the concentration of the test compound, reciprocal of reaction
rate, and Km value of the enzyme substrate, and by using
Dixon plot. The results are shown in Table 2.

Experimental Example 2
Measurement of Enteropeptidase Inhibitory Activity

Using a 96 well plate (#3915, Costar), a test compound (25
ul), 400 mM Tris-HCl buffer (pH 8.0, 25 ulL) and 0.5 mg/mlL.,

fluorescence enzyme substrate (Gly-Asp-Asp-Asp-Asp-Lys-
p-Naphtylamide, 25 ul.) were mixed, and recombinant
human enteropeptidase (R&D Systems, Inc., 25 pul) was
added. Using a fluorescence plate reader fmax (Molecular
Devices, Inc.), the reaction rate was measured from the time-
course changes at excitation wavelength 320 nm and fluores-
cence wavelength 405 nm. The Ki value was calculated from
the concentration of the test compound, reciprocal of reaction
rate, and Km value of the enzyme substrate, and by using
Dixon plot. The results are shown in Table 2.

TABLE 2
60 Enteropeptidase Trypsin
Compound inhibitory activity inhibitory activity
No. Ki (nM) Ki (nM)
1 0.14 0.61
2 0.73 4.10
3 0.29 0.42
65 4 0.46 0.75
5 0.24 0.50
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TABLE 2-continued TABLE 2-continued
Enteropeptidase Trypsin Enteropeptidase Trypsin
Compound inhibitory activity inhibitory activity Compound inhibitory activity inhibitory activity

No. Ki (nM) Ki (nM) 5 No. Ki (nM) Ki (nM)

6 0.69 0.95 82 3.52 5.32

7 0.41 133 83 0.72 142

8 0.87 1.69 84 0.43 3.27

9 0.79 2.02 85 0.81 0.69
10 0.49 1.50 86 0.24 3.40
11 0.41 1.87 10 87 0.39 1.30
12 0.94 1.78 88 1.00 2.87
13 1.56 5.18 89 0.84 1.17
14 0.99 2.50 90 0.55 1.70
15 0.84 1.74 91 0.90 1.33
16 1.10 8.30 92 0.67 0.96
17 1.69 6.38 15 93 0.30 0.90
18 1.24 2.49 94 1.30 1.98
19 0.33 0.82
20 2.61 7.91
21 0.88 1.76 Thus, the compound of the present invention was con-
;g }'g? ;i; firmed to show superior enteropeptidase inhibitory activity
24 0.27 201 20 and superior trypsin inhibitory activity. Therefore, it has been
25 0.26 1.04 shown that the compound of the present invention having an
;g é;; i-ég inhibitory activity on enteropeptidase and trypsin decreases
28 0.65 193 digest.ive capacity for p.rotein, lipid, anq carbohydrates,. and is
29 1.18 3.84 effective as a therapeutic or prophylactic drug for obesity and
30 0.94 2.73 25 hyperlipidemia.
31 1.08 2.89
32 143 0.70 .
P 102 300 Experimental Example 3
34 2.56 2.73
35 2.56 3.04 Evaluation of Anti-Diabetic Action
36 4.70 3.07 30
7 096 ot Anti-diabetic action of th d or ph ical
38 097 145 1-diabetic action o .t € compound or p armaceutica
39 756 3.60 salt thereof of the present invention can be confirmed by, for
40 6.66 4.54 example, the following procedure:
41 1.58 3.88 KK-AY/JCL mice (male, 5-7 week-old, CLEA Japan, Inc.)
fé (1).4613 i'gg 35 known to spontaneously develop obese type 2 diabetes are
44 0.67 1.69 purchased and, after one week of preliminary rearing period,
45 4.13 3.36 randomly assigned to the groups (6 per group) with the body
46 5.27 3.89 weight and non-fasting blood glucose levels as indices. The
47 0.53 0.92 . Lo .
48 bon) 135 animals are 11.1d1V1dua11y housed in a polyce}rbonate cage e.lnd
49 3.6 1.97 40 allowed to drink water freely from a watering bottle. During
50 3.46 3.49 the test period, they are allowed to freely ingest a mixture of
51 3.75 1.87 a test compound, which may be in salt form thereof (5.6
2; 2'23 g;g mg/100 g or 16.8 mg/100 g, for example) and powder feed
54 176 153 CRF-1 (Oriental Yeast Co., Ltd.). CRF-1 alone is given to the
55 2.51 3.30 45 control group. After one week of dosing period, an aspirate of
56 0.51 1.49 the blood (6 uL) is collected from the tail vein, and the blood
2; 8'21 }'gé glucose level is determined by ACCU-CHEK Aviva (Roche
59 0:31 0:49 Diagnostics KK)
60 1.22 1.02
61 113 0.96 50 Experimental Example 4
62 0.98 5.17
63 2.90 3.65 . . .
64 053 L60 Evaluation of Hypoglycemic Action
65 0.53 0.75
66 0.71 1.58 Hypoglycemic action of some compounds was confirmed
2; 3 ;i 3"2“1) 55 by, for example, the following procedure:
9 072 114 Zucker Fatty rats (male, 11-19 week-old, Charles River
70 1.11 1.70 Japan, Inc.) known to spontaneously develop hyperglycemia
7 4.97 8.01 were randomly assigned to the groups (6 per group). The
;g g'ii é'gg animals were individually housed in a polycarbonate cage
74 058 018 60 and allowed to drink water freely from a watering bottle. The
75 0.39 3.72 animals in the compound groups were gavaged with com-
76 0.67 2.01 pound No. 10, 87, 19, or 69 at the dose of 3 mg/kg. These
;; ?'gg ;‘513 compounds were used as HCI salt form thereof, converted by
79 112 519 the method according to Example 3, step 6 from TFA salt
80 1.33 4.67 65 form thereof upon the necessity. The animals in the control
81 1.20 3.54 group were only treated with the vehicle (0.5% methylcellu-

lose). Animals were allowed free access to the feed (CRF-1,



US 9,227,949 B2

115

Oriental Yeast Co., L.td.) during the experiment. An aspirate
of'the blood (6 ul) was collected from the tail vein on the time
point of immediately before dosing (time 0) as well as 2, 4,
and 8 hours after dosing. The blood glucose levels were
determined with ACCU-CHEK Aviva (Roche Diagnostics
K.K.). Serial changes of blood glucose levels in the animals
were shown in FIGS. 1 and 2. The blood glucose levels in the
compound group were significantly decreased comparing
with those in the vehicle group 2 or 4 hours after dosing.

Thus, the test compounds were confirmed to show a sig-
nificant hypoglycemic action. The compound of the present
invention having an enteropeptidase inhibitory activity and a
trypsin inhibitory activity is shown to have a blood glucose
elevation suppressing action or hypoglycemic action. Inaddi-
tion, it can also be shown that the compound of the present
invention shows an insulin sensitizing activity and is also
useful as a prophylactic or therapeutic agent for obesity, dia-
betic complications, or metabolic syndrome, since it shows a
blood glucose elevation suppressing action or hypoglycemic
action.

INDUSTRIAL APPLICABILITY

The trypsin and enteropeptidase inhibitory compound of
the present invention can be used as an active ingredient of a
therapeutic or prophylactic drug of diabetes or diabetic com-
plications.

Where a numerical limit or range is stated herein, the
endpoints are included. Also, all values and subranges within
a numerical limit or range are specifically included as if
explicitly written out.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It is therefore to be understood that, within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described herein.

All patents and other references mentioned above are
incorporated in full herein by this reference, the same as if set
forth at length.

The invention claimed is:

1. A method for treating hyperglycemia or diabetes, com-
prising administering an effective amount of a compound
represented by formula (I):

@

Rl R2

R7

LN NH

wherein:

R! and R? are the same or different and each is indepen-
dently a C, , alkyl group or a C,_, alkenyl group, or R!
and R? together with the carbon atom to which they are
bonded form a C, 4 cycloalkane ring;

X is —OR?, —NR*R? or a group represented by formula

1D):
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oy
Yb

——NR®—¢CRaRb Ya

P

wherein:

R? is a hydrogen atom or a C, _, alkyl group;

R* RS and R® are the same or different and each is inde-
pendently a hydrogen atom, a C, ; alkyl group, a car-
boxyl C,_¢ alkyl group or a C,_¢ alkenyl group, or R* and
R’ together with the nitrogen atom to which they are
bonded form a C; g heterocycle, wherein said C, _ alkyl
group, said C; ¢ alkenyl group and said C,_g heterocycle
may be substituted with one or more substituents;

Ra and Rb are the same or different and each is indepen-
dently a hydrogen atom, a C, 4 alkyl group, a carboxyl
C, s alkyl group, a carboxyl group, an aryl group,a C;
heterocyclic group containing 1 to 4 heteroatoms
selected from the group consisting of O, N and S, or a
C,_g cycloalkyl group, or Ra and Rb together with the
atom(s) to which they are bonded form a C, ¢ cycloal-
kane ring or a C, , heterocycle containing 1-4 heteroa-
toms selected from the group consisting of O, N and S,
wherein said C,_g alkyl group, said aryl group, said C;_g
cycloalkyl group, said C, ; cycloalkane ring and said
C,_5 heterocycle may be substituted with one or more
substituents;

Ring A is an arene, a C;_4 heterocycle containing 1-4 het-
eroatoms selected from the group consisting of O, N and
S, or a C,_g cycloalkane ring;

Ya is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a carbonyl group, a carboxyl C, ;
alkyl group or a sulfo group;

Yb is a hydrogen atom, a halogen atom, a carboxyl group,
a hydroxyl group, a carbonyl group, a carboxyl C, ;
alkyl group, a nitro group, a cyano group or a C, 5
alkoxyl group;

pis0,1,2,3 or4;

qisOor1;and

R is a hydrogen atom, a halogen atom or a nitro group;

with the proviso that when R' and R? are both methyl
groups, then neither of R* nor R? is an ethyl group sub-
stituted with two carboxyl groups, and when R and R?
are both methyl groups, then the group represented by
formula (II) is not a group represented by formula:

CO,H

*\/((S)

N CO,H,
H

or a pharmaceutically acceptable salt thereof,

to a subject in need thereof.

2. The method according to claim 1, wherein X is —NR“*R?®
or a group represented by formula (II), wherein R*, R® and R®
are each independently a hydrogen atom ora C, g alkyl group.

3. The method according to claim 1, wherein X is
—NR*R?, wherein R* and R® together with the nitrogen atom
to which they are bonded form a C,_, heterocycle substituted
by a hydrogen atom, a halogen atom, a carboxyl group, a
carboxyl C,_; alkyl group or a hydroxyl group.
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4. The method according to claim 1, wherein X is a group
represented by formula (II), wherein p=1 or 2, and q=0.

5. The method according to claim 1, wherein X is a group
represented by formula (II), wherein p=0 and q=1.

6. The method according to claim 1, wherein X is a group
represented by formula (II), wherein p=1, g=1, and Raand Rb
are the same or different and each is independently a hydro-
genatom or a C,_, alkyl group, or Ra and Rb together with the
atom(s) to which they are bonded form a C,_ g cycloalkane
ring, wherein said C,_g alkyl group and said C,  cycloalkane
ring may substituted with a group selected from the group
consisting of a hydrogen atom, a carboxyl group, a carbamoyl
group, a hydroxyl group, a phenyl group and a C;_ cycloalkyl
group.

7. The method according to claim 1, wherein R and R? are
the same or different and each is independently a methyl
group, an ethyl group or a propyl group, or R' and R? together
with the carbon atom to which they are bonded form a
cyclobutane ring or a cyclopentane ring.

8. The method according to claim 1, wherein X is a group
represented by formula (II), wherein g=1, and Ring A is a
benzene ring, a pyridinering, ora C, ¢ heterocycle containing
1-4 oxygen atoms.

9. The method according to claim 1, wherein X is a group
represented by formula (II), wherein q=1, Ya is a halogen
atom, a carboxyl group, a carboxyl C, ; alkyl group, a
hydroxyl group, a sulfo group or a carbonyl group, and Yb is
a hydrogen atom, a halogen atom, a carboxyl group or a
hydroxyl group.

10. The method according to claim 1, wherein X is
—NR*R®, wherein when R* or R® has substituent(s), said
substituent is selected from the group consisting of a halogen
atom, a carboxyl group, a hydroxyl group, a carboxyl C, 5
alkyl group, a C,_g alkenyl group, a carbamoyl group, a phe-
nyl group, an amino group, a sulfo group, a cyano group, a
C,_¢ cycloalkyl group, and a C, ¢ heterocyclic group contain-
ing 1 to 4 heteroatoms selected from the group consisting of
O, N and S.

11. The method according to claim 1, wherein X is a group
represented by formula (II), wherein, when Ra or Rb has
substituent(s), said substituent is selected from the group
consisting of a carboxyl group, a hydroxyl group, a phenyl
group, an amino group, a methylthio group, a thiol group, a
carbamoyl group, a guanidino group, a C,_g cycloalkyl group,
and a C, ¢ heterocyclic group containing 1-4 heteroatoms
selected from the group consisting of O, N and S.

12. The method according to claim 1, wherein, said com-
pound represented by formula (I) is a compound represented
by any of the following formulae:

CO,H
0 0
S
0 N CO,H
\ / i
F

HN NH,
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COZH
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-continued -continued
COH O

[@] [@] OH
O N
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F 0
CO,H 10
OH
HN NH,

CO,H

WQ j Oy

w

HN NH,
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35
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13. The method according to claim 1, wherein said com-
40 pound represented by formula (I) is a compound represented
by any of the following formulae:

o
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